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PYRROIiIDIN-2-OME DERIVATIVES AS INHIBITORS OF THROMBIN AND FACTOR XA 

Field of the Invention 

5 The present invention relates to a novel class of chemical compounds, to processes 
for their preparation, to pharmaceutical compositions containing them and to their 
use in medicine, particularly use in the amelioration of a clinical condition for which a 
thombin inhibitor is Indicated. 

10 Background of the Invention 

Thrombin is a serine protease present in plasma. It is converted from prothrombin 
into thrombin by Factor Xa a member of the trypsln-like serine protease class of 
enzymes. Thrombin plays a central role in the mechanism of blood coagulation by 

15 converting the soluble plasma protein, fibrinogen, into insoluble fibrin. The insoluble 
fibrin matrix is required for the stabilisation of the primary hemostatic plug. Many 
significant disease states are related to abnormal hemostasis. With respect to the 
coronary arterial vasculature, abnormal thrombus formation due to the rupture of an 
established atherosclerotic plaque is the major cause of acute myocardial infarction 

20 and unstable angina. Both treatment of an occlusive coronary thrombus by 
thrombolytic therapy and percutaneous transluminal coronary angioplasty (PTCA) ^ 
are often accompanied by an acute thrombotic reclosure of the affected vessel which : 
requires immediate resolution. With respect to the venous vasculature, a high 
percentage of patients undergoing major surgery in the lower extremities or the 

25 abdominal area suffer from thrombus formation in the venous vasculature which can 
result in reduced blood flow to the affected extremity and a pre-disposition to 
pulmonary embolism. Disseminated intravascular coagulopathy commonly occurs 
within both vascular systems during septic shock, certain viral infections and cancer 
and is characterised by the rapid consumption of coagulation factors and systemic 

30 coagulation which results In the fomnation of life-threatening thrombi occumng 
throughout the vasculature leading to widespread organ failure. 

Beyond its direct role in the formation of fibrin rich blood clots, thrombin has been 
reported to have profound bioregulatory effects on a number of cellular components 
35 within the vasculature and blood, (Shuman» M.A., Ann. NY Acad. Sci., 405: 349 
(1986)). 

The inhibition of thrombin has been implicated as a potential treatment for a number 
of disease states. A thrombin inhibitor may be useful in the treatment of acute 
40 vascular diseases such as such as acute coronary syndromes (for example primary 
and secondary prevention of myocardial infarction and unstable angina and 
treatment of prothrombotic sequelae associated with myocardial infarction or heart 
failure),thromboembolism, acute vessel closure associated with thrombolytic therapy 
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and percutaneous transluminal coronary angioplasty, transient ischemic attacks, 
pulmonary embolism, deep vein thrombosis, peripheral arterial occlusion, prevention 
of vessel luminal nannowing (restenosis), and the prevention of thromboembolic 
events associated with atrial fibrillation, e.g. stroke. Thrombin inhibitors may also 
5 have utility as anti-coagulant agents both in-vivo and ex-vivo, and in oedema and 
inflammation. They may also be useful in preventing thrombosis and complications in 
patients genetically predisposed to arterial thrombosis or venous thrombosis and 
patients that have a disease-assodated predisposition to thrombosis (e.g. type 2 
diabetics). Thrombin has been reported to contribute to lung fibroblast proliferation, 

10 thus, thrombin inhibitors could be useful for the treatment of some pulmonary fibrotic 
diseases. Thrombin inhibitors could also be useful the treatment of tumour 
metastasis, by suppressing coagulation and thus preventing fibrin deposition and its 
concommittant facilitation of metastasis. A Factor Xa inhibitor may also have utility as 
an anti-inflammatory agent through its inhibition of FXa mediated activation of 

15 protease-activated receptors (PAR 1-4). A Factor Xa inhibitor may also have utility as 
an anti-atherosclerotic agent through the suppression of platelet-activation. Thrombin 
can induce neurite retraction and thus thrombin inhibitors may have potential in 
neurogenerative diseases such as Parkinson's and Alzheimer's disease. They have 
also been reported for use in conjunction with thrombolytic agents, thus permitting : 

20 ' the use of a lower dose of thrombolytic agent. Thrombin inhibitors may also have > r 

1 utility as anticoagulant agents in connection with the preparation, storage, 
> fractionation or use of whole blood. 

Patent Applications -WO02/1 00886 and WO02/1 00830, incorporated herein by 
25 reference, disclose certain FXa inhibitors including (E)-2-(4-chlorophenyl)-N-{(3S)-1- 
[(1S)-1-methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide 
and (E)-2-(5-chlorothien-2-yl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyll- 
2-oxopyrrolidin-3-yl}ethenesulfonamide. 

30 Summary of the Invention 

The present invention provides compounds of formula (1): 




wherein: 



wo 2004/052851 



3 



PCT/EP2003/013799 



represents hydrogen, Ci^alkyl, -CH2CO2H, -CH2C02Ci.2alkyl. or -CH2CONR^R°; 

R^ and R^ independently represent hydrogen, -Ci^alkyl, -Ci^alkylCN, -Ci. 
5 salkylCOzH, -Ci^alkylOCi^alkyl, -Ci^alkylS(0)nCi^alkyl, -Ci^alkylNR^°R^\ -Ci. 
salkylNCOsCi^alkyl, -C1^alkylCONR^R^ -C1^aikyIC02Co.2alkylR^ -Ci^alkylCOCo. 
2aikylR^ -C1^alkylCON(R®)Co.2alkylR^ -Ci^alkylNC02Co-2alkylR®. -Ci^alkylNCOCo. 
2alkylR® or -Co-2alkylR®, with the proviso that one of R^ and R^ is hydrogen and the 
other is a substituent other than hydrogen; 
10 n is an integer between 0 and 2; 

R"* and R^ together with the nitrogen atom to which they are attached fomi a 
morpholino ring; 

15 R® represents a group selected from: 




Wherein Ti and T2 independently represent CH2, NH, S or O with the proviso that 
when one of Ti or T2 represents NH, S or O the other represents CH2; 
M represents CH3, -OH or =0; 
20 V represents CH or N; 

W represents H, CH3, CI or F; 
X represents CI, Br, F or -CH3; 
Y represents CH3 or CF3; 
Z represents -CH3 or F; 



25 
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and are independently hydrogen, Ci^alkyl or together with the N atom to which 
they are bonded form a 5- or 6- membered non-aromatic heterocyclic ring, optionally 
containing an additional heteroatom selected from O, N or S; 
R^° and R^*^ Independently represent Ci^alkyl or together with the N atom to which 
5 they are bonded fonm a 5- or 6- membered non-aromatic heterocyclic ring, optionally 
containing an additional heteroatom selected from O, N or S; 

R° represents phenyl or a 5- or 6- membered aromatic or non-aromatic heterocyclic 
group, containing at least one heteroatom selected from O, N or S, each of which is 
10 optionally substituted by 0-2 groups selected from: Ci^alkyl or halogen; 

and phanmaceutically acceptable derivatives thereof. 

Further aspects of the invention are: 
15 - A pharmaceutical composition comprising a compound of the invention 

together with a pharmaceutical carrier and/or excipient. 
A compound of the invention for use in therapy. 

Use of a compound of the invention for the manufacture of a medicament for 
the treatment of a patient suffering from a condition susceptible to amelioration by a 
20 thrombin inhibitor. 

- A method of treating a patient suffering from a condition susceptible to 

amelioration by a thrombin inhibitor comprising administering a therapeutically 
effective amount of a compound of the invention. 

25 The compounds of the invention show advantageous properties, since they show 
surprising activity against at thrombin, they may also be more efficacious, have a 
longer duration of action, be more bioavailable by the preferred route, or have other 
more desirable properties than similar known compounds. 

30 Detailed DescriDtlon of the Invention 

The compounds of formula (I) contain chiral (asymmetric) centres. The individual 
stereoisomers (enantiomers and diastereoisomers) and mixtures of these are within 
the scope of the present invention. Preferably, at the position marked tiie 
35 stereochemistry is (S)-stereochemistry. FurUiermore, some of the crystalline fonms of 
the compounds of stiiiclure (I) may exist as polymorphs, which are included in tiie 
present invention. 

In another aspect, the present invention provides compounds of formula (I): 
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wherein: 

represents hydrogen, methyl, -CH2CO2H, -CHaCOaCi.aalkyI, or-CH2CONR''R®; 
5 R2 represents -Ci^alkyl, -CH2CO2H, -CH2OCH3, -CH(CH3)OCH3, -CH2CON(CH3)2, 
benzyl, -CH2C02-benzyI, -CH2CO-morpholine, or -CH2-thiophene; 
R® represents hydrogen; 

R"^ and R^ together with the nitrogen atom to which they are attached, form a 
morpholino ring; 
10 R^ represents a group selected from: ' 




wherein W represents H, CI or F; 
X represents CI, Br, F or -CH3; 
Y represents CH3 or CF3; 
15 Z represents -CH3 or F; 

R^ and R® are independently hydrogen or methyl; 
and pharmaceuticaliy acceptable derivatives thereof. 

Preferably, R^ represents hydrogen, methyl, -CH2C02Ci.2aIkyl, or -CH2CONR^R®. 
20 More preferably R^ represents hydrogen, methyl or -CH2CONR^R^ Most preferably, 
R^ represents hydrogen. 
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Preferably, and independently represent -Ci^alkyl, -Ci^alkylCN, -CiujalkylOCi. 
4alkyl. -Ci^alkylS(0)nCi^alkyl» .Ci^alkylNR^°R^\ -C1^alkylCONR^R^ -Ci. 
3alkylC02Co-2alkylR®, -Ci^alkylCON(R^)Ca.2alky!R® or -Co.2alkylR®, with the proviso 
that one of R^ and R^ is hydrogen and the other is a substituent other than hydrogen. 
5 More preferably, R^ and R^ Independently represent -Ci^alkyl, -Ci^alkylOCi^alkyl. - 
Ci^alkylCOaCo-aalkylR®, or -Co.ialkylR®. with the proviso that one of R^ and R^ is 
hydrogen and the other is a substituent other than hydrogen 

Preferably, R^ represents -Ci^alkyl, -Ci-salkylCN, , -Ci^lkylC02H, -Ci-4alkylOCi. 

10 4alkyl, -Ci^alkylS(0)nCi^alkyl, -Ci^alkylNR^°R^\ -C1^alkylCONR^R^ -Ci, 
3alkylCON(R®)Co.2alkylR®, -Ci^alkylC02Co-2alkylR® or -Co.2alkylR®. More preferably, 
R^ represents -Ci^alkyl, -Ci^alkylCN, , -Ci^alkylC02H, -Ci^alkylOCi^alkyl, -Ci. 
4alkylS(0)nCi^alkyl, -Ci^alkylNR'°R^\ -C1^alkylCONR^R^ -Ci^alkylCON(R®)Co- 
lalkylR®. -Ci^alkylC02Co-2alkylR® or -C^alkylR®. Even more preferably, R^ 

15 represents -C2^a]kyl, -Ci^alkylCN, , -Ci-3alkylC02H, -Ci^alkylOCi^alkyl, -Ci. 
4alkylS(0)nCi^alkyl, -Ci^alkylNR^°R^\ -C1^alkylCONR^R^ "Ci^alkylCON(R^)Co- 
lalkylR®, -Ci^alkylC02Co.2alkylR® or -Co.2alkylR®. Most preferably, R^ represents 
ethyl, 2-propyl. i-butyl, s-butyl, .CH2CO2H, -CH2OCH3. -CH(CH3)OCH3, - 
CH2CON(CH3)2, benzyl. -CH2C02-benzyl, -CH2CO-morpholine where the morpholine : 

20 group Is N-Iinked to the rest of the molecule, or '-CH2-thiophene. 

In another prefenred aspect, R^ represents s-butyl , CH3OCH2-, CH3CH2OCH2-, • 
(CH3)2CHOCH2-, CH30CH(CH3)- . (CH3)2NCH2CH2-. 




In an another preferred aspect, R^ represents methyl, ethyl, 2-propyl, i-butyl, s-butyl, 
30 -CH2CO2H, -CH2OCH3, -CH(CH3)OCH3. -CH2CON(CH3)2, benzyl, -CH2C02-benzyl, - 
CH2CO-morpholine, or -CH2-thIophene. 

Preferably. R^ represents hydrogen. 



35 Preferably, Ti and T2 independently represent CH2 or O, with the proviso that when 
one of Ti or T2 represents O the other represents CH2. More preferably, Ti 
represents CH2 and T2 represents CH2 or O. 
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Preferably, M represents CH3. 

Preferably, X represents CI, Br or-CHs. More preferably, X represents CI or Br. Most 
5 preferably, X represents CL 

Preferably, W represents H or CI. More preferably, W represents H. 

Preferably, Y represents -CH3. 

10 

Preferably, Z represents -CH3. 



In one preferred aspect of the invention R® represents a group selected from: 




15 

In another preferred aspect of the invention, represents a group selected from: 




More preferably, R® represents a group selected from: 
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Preferably, represents phenyl, thienyl, thiazolyl, oxadiazolyl, triazolyl, pyridyl, 
piperidinyl or morpholinyl. More preferably, represents phenyl, thienyl, thiazolyl, 
5 triazolyl, pyridyl or morpholinyl. Most preferably. R® represents phenyl, thienyl or 
morpholinyl. 

Preferably, R^*^ and R^^ independently represent Ci-4alkyl. 

10 It is to be understood that the present invention covers all combinations of preferred 
groups described hereinabove. 

As used herein, the term "thrombin inhibitor^ means a compound which possesses 
thrombin inhibitory activity. Preferably, the thrombin inhibitor has a Ki (nM) value of 

15 less than 200, more preferably less than 100, even more preferably less than 50, 
even more preferably less than 25, most preferably less than 10 when measured in 
accordance with the assay described hereinbelow. In comparison, prior art 
compounds (E)-2-<4-chlorophenyl>-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholln-4-yl-2- 
oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamlde and (E)-2-(5-chlorothien-2-yl)-N- 

20 {(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3- 

yl}ethenesulfonamide have thrombin Ki (nM) values of greater than 200. In a 
prefenred aspect of the invention, the thrombin inhibitor is a "dual thrombin-Factor Xa 
inhibitor". In another preferred aspect of the invention, the thrombin inhibitor is a 
"selective thrombin inhibitor". 

25 

As used herein, the term "dual thrombin-Factor Xa inhibitor^ means a compound 
which has inhibitory activity at both thrombin and Factor Xa. 

As used herein, the term "selective thrombin inhibitor^ means a compound which is 
30 selective for thrombin over Factor Xa. 



wo 2004/052851 



9 



PCT/EP2003/013799 



The term 'alkyl' as used herein means both straight and branched chain saturated 
hydrocarbon groups. Examples of alkyi groups include methyl (-CH3), ethyl (-C2H5), 
propyl (-C3H7) and butyl {-C4H9). 

5 As used herein, the term "halogen" means an atom selected from fluorine, chlorine, 
bromine and iodine. 

As used herein, the term "heterocyclic group*" means optionally substituted rings 
containing one or more heteroatoms selected from: nitrogen, sulphur and oxygen 

10 atoms. The heterocycle may be aromatic or non-aromatic, i.e., may be saturated, 
partially or fully unsaturated. Examples of 5-membered groups include thienyl, 
furanyl. pyrrolidinyl, thiazolyl, oxadiazolyl, triazolyl and imidazolyl. Preferred 5- 
membered groups are thienyl, thiazolyl, oxadiazolyl, triazolyl. Examples of 6- 
membered groups Include pyridyl, piperidinyl and morpholinyl. Preferred 6- 

15 membered groups include pyridyl and morpholinyl. Certain heterocyclic groups, e.g. 
thienyl, thiazolyl and pyridyl are C-linked to the rest of the molecule. Other 
heterocyclic groups, e.g. piperidinyl and morpholinyl may be Olinked or N-llnked to 
the rest of the molecule. 

20 As used herein, the temi "pharmaceutically acceptable" means a compound which is 
suitable for pharmaceutical use. 

As used herein, the term "pharmaceutically acceptable derivative", means any 
pharmaceutically acceptable salt, solvate, or prodrug e.g. ester or carbamate, or salt 

25 or solvate of such a prodrug, of a compound of formula (I), which upon administration 
to the recipient is capable of providing (directly or indirectly) a compound of formula 
(1), or an active metabolite or residue thereof. Such derivatives are clear to those 
skilled in the art, without undue experimentation, and with reference to the teaching 
of Burger's Medicinal Chemistry And Drug Discovery, 5th Edition, Vol 1 : Principles 

30 And Practice, which is Incorporated herein by reference. Preferred pharmaceutically 
acceptable derivatives are salts and solvates. 

Suitable salts according to the invention include those fomned with both organic and 
inorganic acids and bases. Pharmaceutically acceptable acid addition salts include 

35 those fomned from mineral acids such as: hydrochloric, hydrobromic, sulphuric, 
phosphoric, acid; and organic acids such as: citric, tartaric, lactic, pyruvic, acetic, 
trifluoroacetic, succinic, oxalic, formic, fumaric, maleic, oxaloacetic, 
methanesulphonic, ethanesulphonic, p-toluenesulphonic, benzenesulphonic and 
isethionic acids. Pharmaceutically acceptable base salts include ammonium salts, 

40 alkali metal salts such as those of sodium and potassium, alkaline earth metal salts 
such as those of calcium and magnesium and salts with organic bases, including 
salts of primary, secondary and tertiary amines, such as isopropylamine, 
diethylamine, ethanolamine, trimethylamlne, dicyclohexyl amine and N-methyl-D- 
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glucamine. Particularly preferred pharmaceutically acceptable salts include those 
formed from hydrochloric, trifluoroacetic and fomnic acids. 

Those skilled in the art of organic chemistry will appreciate that many oi^antc 
5 compounds can form complexes with solvents in which they are reacted or from 
which they are precipitated or crystallized. These complexes are known as 
"solvates". For example, a complex with water is known as a "hydrate". Solvates of 
the compound of formula (I) are within the scope of the invention. 

10 Salts and solvates of compounds of formula (I) which are suitable for use in medicine 
are those wherein the counterion or associated solvent is pharmaceutically 
acceptable. However, salts and solvates having non-pharmaceutically acceptable 
counterions or associated solvents are within the scope of the present invention, for 
example, for use as intermediates in the preparation of other compounds of formula 

1 5 (I) and their pharmaceutically acceptable derivatives. 

As used herein, the term "prodrug" means a compound which is converted within the 
body, e.g. by hydrolysis in the blood, into its active form that has medical effects. 
Pharmaceutically acceptable prodrugs are described in T. IHIguchi and V. Stella, 

20 Prodrugs as Novel Delivery Systems, Vol. 14 of the A,C.S. Symposium Series, 
Edward B. Roche, ed., Bioreversible Carriers in Drug Design, American 
Pharmaceutical Association and Pergamon Press, 1987, and in D. Fleisher, S. 
Ramon and H. Barbra "Improved oral drug delivery: solubility limitations overcome by 
the use of prodrugs", Advanced Drug Delivery Reviews (1996) 19(2) 115-130, each 

25 of which are incorporated herein by reference. 

Prodrugs are any covalently bonded cam'ers that release a compound of structure (I) 
in vivo when such prodrug is administered to a patient. Prodrugs are generally 
prepared by modifying functional groups in a way such that the modification is 
30 cleaved, either by routine manipulation or in vivo, yielding the parent compound. 
Prodrugs include, for example, compounds of this Invention wherein hydroxy!, amine 
or carboxylic acid groups are bonded to any group that, when administered to a 
patient, cleaves to form the hydroxyl, amine or carboxylic acid groups. 

35 Prefenred compounds of the invention include: 

2-(5-Chlorothien-2-yl)-N-{(3S)-1-[(1S)-1-methyl-2-morpholin-4-yl-2-ox^ 
oxopyrroIidin-3-yl}ethanesulfonamide; 

(1 E)-2-(5-Ch!orothien-2-yl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholln-4-yl-2-oxoethyl]-2- 
oxopyrrolidin-3-yl}prop-1 -ene-1 -sulfonamide; 
40 (1 E)-2-(4-Chlorophenyl)-N-{(3S)-1-[(1 S)-1-methyl-2-morpholin-4.yl-2-oxoethyO-2- 
oxopyrrolldin-3-yl}prop-1 -ene-1 -sulfonamide; 

2-(4-Chlorophenyl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyll-2- 
oxopyrrolidin-3-yl}ethanesulfonamide; 
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2-(5-Chlorothien-2-yl)-N-^(3S)-1-[(1S)-1-(morpholin-4-ylcarbonyO 
oxopyrrolidin-3-yl}ethanesulfonamide; 

2- (4-Chlorophenyl)-N-{(3S)-1-[(1S)-1-(morphoHn-4-ylcarbonyO 

3- yl}ethanesulfonamide; 

5 (1 E)-2-(5-Chlorothien-2-yl)-N-{(3S)-1 -[(1 S)-1 -(morpholin-4-ylcarbonyl)propyl]-2- 
oxopyrrolidin-3-yl}prop-1-ene-1 -sulfonamide; 
2-{5-Chlorothien-2-yl)-N-{(3S)-1-[(1S)-2-methyl-1-(moiphoIin-4-y^ 
oxopyiTolidln-3-yl}ethanesulfonamide; 
(1E)-2-(5-Chlorothien.2-yl)-N-{(3S)-1-[(1S)-2-methyl-1-(moip 
1 0 ylcarbonyl)propyll-2-oxopyrrolidin"3-yl}prop-1 -ene-1 -sulfonamide; 
2-(5-Chlorothien-2-yl)-N-{(3S)-1-[(1S.2S)-2-methyl-1.(morpholin-^^^ 
2-oxopyrrolidin-3-yl}ethanesulfonamide; 

(1 E)-2-(5-Chlorothien-2-yl)-N-{(3S)-1 -[(1 S,2S)-2-methyH -(morpholin-4- 
ylcarbonyl)butyl]-2-oxopynrolidin-3-yl}prop-1 -ene-1 -sulfonamide; 
15 2-(4-Bromophenyl)-N-{(3S)-1-[(1S,2S)-2-methyl-1-(morpholln-4-ylca*^^ 
oxopyrolidin-3-yl}ethanesulfonamide; 

N-{(3S)-1 -[(1 S)-1 -Benzyl-2-morphoIin-4-yl-2-oxoethyl]-2-oxopyrroIidin-3-yl}-2-(5- 
chlorothjen-2-yl)ethanesulfonamide; 

(1 E)-N-{(3S)-1-[(1 S)-1-Benzyl-2-moipholln-4-yl-2-oxoethyG-2-oxopyrrolldin-3-yl}-2-(5- 
20 chloroth!en-2-yl)prop-1-ene-1 -sulfonamide; 

2-(5-Chlorothien-2-yl)-N-{(3S)-1-[(1S)-1-(methoxymethyl)-2-morpholln-4-^^^ 
oxoethyr|-2-oxopynrolidin-3-yl}ethanesulfonamide; 

(1 E)-2-(5-Chlorothien-2-yl)-N-{(3S)-1 -[(1 S)-1 -(methoxymethyl)-2-morpholln-4-yl-2- 

oxoethyl]-2-oxopyrrolidin-3-yl}prop-1 -ene-1 -sulfonamide; 
25 2-(5-Chlorothlen-2-yl)-N-{(3S)-1-[(1S,2R)-2-methoxy-1-(morpholin-4- 

ylcarbonyl)propyr|-2-oxopyn^olidin-3-yl}ethanesulfonamlde; 

(1 E)-2-(5-Chlorothien-2-yl)-N-{(3S)-1 -[(1 S,2R)-2-methoxy-1 -(morpholin-4- 

ylcarbonyl)propyl]-2-oxopyn^olidin-3-yl}prop-1 -ene-1 -sulfonamide; 

2-(5-Chlorothien-2-yl)-A^methyl-AK(3S)-1-[(1S)-1-methyl-2-morpholln-4-yl-2 
30 oxoethyl]-2-oxopyn-ondin-3-yl}ethanesulfonamlde; 

A/2-{[2-{5-Chlorothien-2-yl)ethylIsulfonyl^/V^-{(3S^1-[(1^ 

2-oxoethyl]-2-oxopynrolidin-3-yl}glycinamide; 

Benzyl (3S)-3-[(3S)-3-({[2-(5-chlorothien-2-yl)ethyl]sulfonyl}amino)-2-oxopyrrolldi 
yl]-4-morpholin-4-yl-4-oxobutanoate; 
35 Benzyl (3S)-3-[(3S)-3-({[(1 £)-2-(5-Chlorothien-2-yl)prop-1 -enyl]sulfonyl}amino)-2- 
oxopyrrolidin-1-yl]-4-morpholin-4-yl-4-oxobutanoate; 
2-(5-Chlorothien-2-yl)-A/-{(3S)-1-[(1S)-2-morpholin-4-yl-2-oxo-1-(thien-2- 
ylmethyl)ethyl]-2-oxopyrrolidin-3-yl}ethanesulfonamide; 

2-(4-Chlorophenyl)-A/-{(3S)-1 -[(1 S)-2-morpholin-4-yl-2-oxo-1 -(thien-2-ylmethyl)ethyl]- 
40 2-oxopynx»lldin-3-yl}ethanesulfonamide; 

2-(4-Chloro-2-fluorophenyl)-N-{(3S)-1-[(1S).1-methyl-2-moipholln-4-yl-2-o^ 
oxopyrrolldin-3-yl}ethanesulfonamide; 
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2- (4-Bromophenyl)-N-{(3S)-1 -[(1 S)-1 -(morpholin-4-ylcarbonyl)propyll-2-oxopyrroliclln- 

3- yl}ethanesulfonamide; 

2-(4-Chlorophenyl)-2,2-drfluoro-A/-{(3S)-1-[(1S)-1-methyl-2-morpholin-4-yl-2- 
oxoethyl]-2-oxopyrrolidin-3-yl}ethanesuIfonamicle; 
5 (2)-2-(4-Chlorophenyl)-2-fluoro-A/-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2- 
oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamlde; 

2-(4-Chlorophenyl)-2,2-difIuoroA/-{(3S)-1 -[(1 S,2S)-2-methyl-1 -(morpholln-4- 

ylcarbonyl)butyl]-2-oxopyiTolidin-3-yl}ethanesulfonamide; 

(Z)-2-(4-Chlorophenyl)-2-fluoro-/V-{(3S)-1-[(1S.2S)-2-methyl-1-(morpholin-4- 
1 0 ylcarbonyl)butyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide; 

(1 £)-2-(5-Chlorothien-2-yl)-A/-{(3S)-1 -[(1 S)-3-morpholin-4-yl-1 -(morphoIin-4- 

ylcarbonyl)-3-oxopropyl]-2-oxopyrrolidin-3-yl}prop-1-ene-1-sulfonamide; 

(3S)-3-[(3S)-3-({[(1E)-2-(5-Chlorothien-2-yI)prop-1-enyl]sulfonyl}amino)-2- 

oxopyrrolldirv-1-yq-A/,A^dimethyl-4-rTK>rpholin-4-yl-4H3Xobutanamide; 
1 5 2-(4-Bromophenyl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyO-2- 

oxopyrrolidin-3-yl}ethanesulfonamide; 

Ethyl A/-{[2-(5K;hlorothien-2-yl)ethyl]sulfonyl}-A/-{(3S)-1-[(1S)-1-methyl-2-morpholin-4- 
yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}glycinate; 

Methyl A/-{[2-(5-<rfilorothien-2-yl)ethyl]sulfonyl}-/\K(3S)-1-[(1S)-lHTiethyl-2-rTO 
20 4-yl-2-oxoethyl]-2-oxopyrrolldln-3-yl}glycinate; 

A/-{[2-(5-Chlorothlen-2-yl)ethyl]sulfonyl^/V^(3SV1-[(1S)-1-methyl-2-morpholln^ 
oxoethyl]-2-oxopyiTolldin-3-yl}glyclne; 

2-(5-Chlprothien-2-yl)-/V-{(3S)-1 -[(1 S)-3-methyl-1 -(morpholin-4-ylcarbonyl)butyl]-2- 
oxopyrrolidln-3-yi}ethanesulfonannide; 
25 2-(5-ChlorDthlen-2-yl)-N-methyl-A/ ^(3S)-1-[(1 S,2S)-2-methyl-1-(morpholin-4- 

ylcarbonyl)butyl]-2-oxopyrro!idln-3-yl}ethanesulfonamide; 

A/2-^[2-(5-Chlorothlen-2-yl)ethyOsulfonyl}-A^-methyl-/V2-{(3S)-1-[(1S,2S)-2-methyl-1- 

(morpholin-4-ylcarbonyl)butyl]-2-oxopyrrolldin-3-yl}glycinamlde; 

A/^-{[2K5-Chtorothien-2-yl)ethyl]sulfonyl}-A^,Ar'Hiimethyl-A/^-^(3S)-1-[(1S,2S)^^^ 
30 methyl-1-(rTK)rpholin-4-ylcarbonyl)butyl]-2-<>xopyrrolidin-3-yl}glycinam 

(1E)-2-(5-Ch!orothien-2-yl)-3,3.3-trifluoro-yV-{(3S)-1-[(1S)-1-methyl-2-morpholln-4-yl- 

2-oxoethyl]-2-oxopyrrolidin-3-yl}prop-1 -ene-1 -sulfonamide; 

2-(2,4-Dichlorophenyl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyll-2- 

oxopyiTolidln-3-yl}ethanesulfonamide; 
35 2-(4-Fluorophenyl)-N-{(3S)-1-[(1S)-1-methyl-2-nnorpholin-4-yl-2-oxoethyl]-2- 

oxopyiTolidin-3-yl}ethanesulfonamide; 

2-(4-Methylphenyl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyO-2- 
oxopyrrolidln-3-yl}ethanesulfonamide; 

2-(4-Chlorophenyl)-N-{(3S)-1-[(1S)-2-methyl-1-(morpholin-4-ylcarbonyl)propyl]-2- 
40 oxopyrTolidin-3-yl}ethanesulfonamlde; 

(3S)-3-I(3S)-3-({[2-(5-Chlorothien-2-«thanelsulfonyl}amino)-2<)xopyiTOlldin-1-yl]-4- 
morpholin-4-yl-4-oxobutanolc add; 
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2-(5-Chlorc>-2-pyridinyl)-/V-{(3S)-1-[(1S)-1-methyI-2-(4-morpholinyl)-2-oxoethyl]-2- 
oxo-3-pyrrolidinyl}ethanesulfonamide; 

2-(5-Chloro-2-pyridinyl)-AH(3S)-1 -[(1 S.2S)-2-methyl-1 -(4-morpholinylcarbonyl)butyl]- 
2-oxo-3-pyiTolidinyl}ethanesulfonamide; 
5 2-(5-Chloro-2-pyridinyl)-A/K(3S)-1-[(1S)-1-[(ethyloxy)methyll-2-(4-morphollnyl)-2- 
oxoethyl]-2-oxo-3-pyrrolldinyl}ethanesulfonamide; 

2-(6-Chloro-2-pyridinyl)-A/-{(3S)-1-[(1S)-1-[(methyloxy)methyl]-2-(4-morpholinyl)-2- 
oxoethyq-2-oxo-3-pyrTolidinyl}ethanesulfonamide; 

2-(4-Chlorophenyl)-AK(3S)-1-[(1S,2S)-2-methyl-1-(4-morphollnyl<arbonyl)butyl]-2^ 
1 0 oxo-3-pyiTolldinyl}-2-oxoethanesulfonamide; 

2-(4-Chlorophenyl)-A/-{(3S>-1 -[(1 S)-1 -(methyloxy)-2-(4-morpholinyl)-2-oxoethyl]-2- 
oxo-3-pyrrolidinyl}-2-oxoethanesulfonamide; 

2- (4-Chlorophenyl)-2-hydroxy-/V-{(3S)-1-[(1S,2S)-2-methyl-1-(4- 
morpholinylcarbonyl)butyq-2-oxo-3-pyrrolidinyl}ethanesuifonamide; 

15 2-(5-Chioro-2-thienyl)-A/4(3S^1-[(1S)-1-methyl-2-(4-moiphoKnyl)-2-oxoethyl]-2-^^ 

3- pyrrolidinyl}-1-propanesulfonamide; 

(2/?)-2-(6-Chloro-2-thienyl)-A/-{(3S)-1-[(1S)-1-memyl-2-(4-morpholinyl)-2-oxoethy^^ 
oxo-3-pyrroHdinyl}-1-propanesulfonamide; 

(2S)-2K5-Chloro-2-thlenyl)-AH(3S)-1-[(1S)-1-methyl-2-(4-morphollnyl)-2-oxoethyl] 
20 oxo-Srpyrrolidinyl}-! -propanesuHbnamide; 

2-(5-Chloro-2-thienyl)-/V-{(3S)-1-[(1S,2S)-2-methyl-1-(4-morpholinylcarbonyl)butyl]-2- 
oxo-3-pyrrolidinyl}-1-propanesulfonamlde; 

2-(5-Chloro-2-thienyl)-/V-^(3S)-1-I(1S)-1-[(methyloxy)methyO-2-(4-morpholinyl)-2- 
oxoethyQ-2-oxo-3-pyrrolidinyl}-1-propanesulfonamide; 
25 2-(5<;hloro-2-thlenyl)-AK(3S)-1-[(1S)-1-[(ethyloxy)methyO-2-(4-morpholinyl)-2- 
oxoethyl]-2-oxo-3-pyrTOlidinyl}-1-propanesulfonamide; 

2-(5-Chloro-2-thienyl)-A/-{(3S)-1 -[(1 S)-1 -[(3-methyl-1 ,2.4-oxadiazol-5-yl)methyl]-2-(4- 
morpholinyl)-2<)xoethyIl-2-oxo-3-pyrrolidinyl}-1-propanesuIfonamlde; 
1-(5-Chloro-2.3Klihydro-1H-inden-1-yl)-AK(3S)-1-[(1S)-1-methyl-2-(4-morphorinyl)-^^ 
30 oxoethyQ-2-oxo-3-pyrTolidinyl}methanesutfonannide; 

1-(5-Chlor(>2,3-dihydro-1H-inden-1-yl)-/V-{(3S)-1-[(1S)-1-[(methyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3-pyrrolidinyl}methanesulfonamide; 

1- (5-Chloro-2,3-dihydro-1 H-inden-1 -yl)-/\/-{(3S)-1-[{1 S,2S)-2-methyl-1-(4- 
morpholinylcarbonyl)butyl]-2-oxo-3-pyrrolidinyl}methanesulfonamide; 

35 1 -(6-Chtoro-2,3-dihydro-1 -benzofuran-3-yl)-AK(3S)-1 -[(1 S)-1 -methyl-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3-pyiTDlldiny!}methanesulfonamide: 
1 -(6-Chloro-2,3-dihydro-1 -benzofuran-3-yl)-A/-{(3S)-1 -[(1 S)-1 -[(methyIoxy)methyl]-2- 
(4-morpholinyl)-2-oxoethyl]-2-oxo-3-pyrrolidinyl}methanesulfonamide: 
1 -(5-Chloro-1 ,3-dihydro-2-benzofuran-1 -yl)-A/-{(3S)-1 -[(1 S)-1 -methyl-2-(4- 

40 rTK)rpholinyl)-2-oxoethya-2-oxo-3i3yrrolidinyl}methanesulfonamide; 

2- (5-Chloro-24hlenyl)-/V-^(3S)-1H[2-(4-moipholinyl)-2-oxo-1-(tetrahydro-2H-py 
yl)ethyq-2-oxo-3-pyrrolldinyl}ethanesulfonamide; 
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1 -[(1 R)-5-Chloro-2.3-dihydro-1 H-inden-l -yl]-A/-{(3S)-1 -[(1 S)-1 -[(methyloxy)methyl]-2- 
(4-morpholinyl)-2K>xoethyl]-2-oxo-3-pyrTolidinyl}methanesulfonamid 

2- (5-Chloro-2-thienyl)-/SK(3S>-1 -[(1 S)-2-(4-morpholinyl)-2-oxo-1 -phenylethyl]-2-oxo- 

3- pyrrolidinyl}ethanesulfonamide; 

5 2-(5-Chloro-2-thienyl)-/S/-{(3S)-1 -[(1 S)-1 -[{4-fluorophenyl)methyl]-2-(4-morpholinyl)-2- 
oxoethyl]-2-oxo-3-pyrrolidinyl}ethanesuIfonamide; 
2-(5«Chloro-24hienyl)-W-{(3S)-14(1S^2-(4-morpholinyl)-2K5XO^ 
ylmethyl)ethyl]-2-oxo-3-pyrroUdinyl}ethanesulfonamide; 
2-(4-Chlorophenyl)-A/-{(3S>-1-[(1 S)-2-(4-morphollnyl)-2-oxo-1-(1 .3-thlazol-4- 
10 ylmethyl)ethyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

2-(5-Chloro-2-thienyl)-A/-{(3S)-1 -[(1 R)-2-(4-morpholinyl)-2-oxo-1 -(2-thienyI)ethyl]-2- 
oxo-3-pyrrolidinyl}ethanesulfonamide; 

2- (4-Chlorophenyl)-/V-{(3S)-1-K1R)-2-(4-morpholinyl)-2-oxo-1-(24h 

3- pyrrolidinyl}ethanesutfonamide; 

15 2"(5-Chloro-2-thienyl)-A/-{(3S^1-[(1R)-1-[(ethyIthlo)m 
oxoethyl]-2-oxo-3-pyrroHdinyl}ethanesulfonamide; 
2-(5-ChIoro-2-thienyl)-A/-{(3S)-1-[(1S)-1-(cyanomethyl)-2-(4-morph 
2-oxo3-pyrrolidinyl}ethanesulfonamide; 

2-(5-Chloro-2-thienyl)-A/-{(3S)-1 -[(1 S)-2-(4-morpholinyl)-1 -(1 ,2,4-oxadiazol-5- 
20 ylmethyl)-2K)xoethyl]-2K>xo-3-pyrroIldinyl}ethanesulfonam 

2-(5-Chloro-24hienyl)-/V-{(3S)-1-[(1S)-1-[(3-methyI-1,^ 

morphoIinyl)-2-oxoethyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

2-(5-Chloro-2-thienyl)-A/-methyl-/V-{(3S)-1 -[(1 S)-1 -[(3-methyl-1 ,2.4-oxadiazol-5- 

yl)methyl]-2-(4-morpholinyl)-2-oxoethyl]-2-oxc>3-pyrrolidinyl}ethanesulfona 
25 2-(5-Chloro-24hienyl)-N-{(3S^1-[(1S)-1-[(1-methyl-1H-1,^ 

morpholinyl)-2-oxoethylI--2-oxo-3-pyrrolidinyl}ethanesu!fonamide; 

2-(5-Chloro-2-thienyl)-/S/-{(3S>-1 -[(1 S)-1 -[(1 -methyl-1 H-1 .2.4-triazol-5-yl)methyl]-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

2-(4-ChIorophenyl)-A/-{(3S)-1-[(1 S)-1 -[(3-methyH ,2,4-oxadiazol-5-yl)methyl]-2-(4- 
30 morpholinyl)-2<)xoethyO-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

(3S)-3-[(3S)-3-({[2-(5-Chlor<>24hienyl)ethyl]sulfonyl}amino)-2-^^ 

methyl-4-(4-morpholinyl)-4-oxc>A/-(phenylmethyl)butanamide; 

2-(5-ChIoro-2-thlenyl)-A/-{(3S)-1 -[(1 S)-1 -{[(1 -methylethyl)oxy]methyl}-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 
35 2-(5-Chloro-24hlenyl)-A/-^(3S^1-[(1S)-1-[(ethyloxy)meth 

oxoethyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

2-(4-Chlorophenyl)'A/-{(3S)-1-[(1S)-1-[{ethyloxy)methyl]-2-(4-m 

oxoethyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

(1 £)-2-(5-Chloro-2-thienyl)-A/-{(3S)-1 -[(1 S)-1 -[(ethyloxy)methyl]-2-(4-morpholinyl)-2- 
40 oxoethyl]-2-oxo-3-pyrrolidlnyl}-1 -propene-1 -sulfonamide; 
2-(5-Chloro-2-thlenyl)-A/-{(3S)-1 -[(1 S).3-(methyloxy)-1 -(4- 
morpholinylcarbonyl)propyq-2-oxo--3-pyrrolidinyl}ethanesulfonarnide; 
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2-(4-Chlorophenyl)-A/-{(3S)-1 -[(1 S)-1 -[(methyloxy)methyl]-2-(4-morpholinyl)-2- 
oxo8thyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 
2-(5-Chloro-2-thienyl)-AK(3S)-1-[(1S)-2-(4-morpholinyl)-2-oxo-1-(4- 
pyrldinylmethyl)ethyQ-2-<)xo-3-pyrrolidinyl}ethanesulfonamide; 
5 2-(5-Chloro-2-thienyI)-A/-{(3S)-1 -[(1 S)-2-(4-morpholinyl)-2-oxo-1 -(3- 
pyridinylmethyl)ethyl]-2-oxo-3-pyiTolidinyl}ethanesulfonamide; 

2- (5-Chloro-2-thienyl)-N-{(3S)-1-[2-(4-moipholinyl)-2-oxo-1-(3-pyridinyl)ethyl]-2-oxo- 

3- pyrrolidinyl}ethanesulfonamide; 

2-(5-ChIoro-2-thienyl)-AK(3S)-1-[(1S)-3-(dimethylamino)-1-(4- 
10 morpholinylcarbonyI)propyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

2-(5-Chloro-2-thienyl)-/S/-{(3S)-1 -[(1 S)-1 -(4-morpholinylcarbonyl)-3-(1- 

piperidinyl)propyl]-2-oxo-3-pynrolidinyl}ethanesulfonamide; 

2-(5-Chloro-2-thlenyl)-A/-{(3S)-1 -[(1 S)-3-(4-morpholinyl)-1 -(4- 

morpholinyicarbonyl)propyQ-2-<>xo-3-pyrrolidinyl}ethanesuifonamide; 
1 5 (1 £)-2-(5-Chloro-2-thienyl)-AH(3S)-1 -[(1 S)-3-(4-morphoIinyl)-1 -(4- 

morpholinylcarbonyl)propyl]-2-oxo-3-pyrrolldinyl}-1-propene-1-sulfonamlde; 

A^-^[2-(5-Chloro-24hienyl)ethyOsulfonyl}-/V',A/^<limethyI-A/^-{(3S)-1-[(1S)-1- 

[(methyloxy)methyl]-2-(4-morpholinyl)-2-oxoethyl]-2-oxo-3-pyrrolidinyl}glycinamide; 

A^-{[2-(5-Chloro-2-thienyl)ethyOsulfonyl}-A/'-methyl-A^-{(3S)-1-[(1S)-1- 
20 [(methyloxy)methyq-2-(4-morpholinyl)-2K>xoethyn-2-oxo-3-pyrrolidinyl}gl^^^ 

2-(4-Chlorophenyl)-A/-{(3S)-1-[(1S)-3-(methylsulfonyl)-1-(4- 

morpholinylcarbonyl)propyl]-2-oxo-3-pyrrolidinyl}ethanesulfonamide; 

and pharmaceutically acceptable derivatives thereof. 

25 In the following preferred aspects of the invention, the Example numbers con-espond 
to the Example numbers in the Experimental section. 

In a preferred aspect, the compounds of the invention are Examples 1 , 2, 3, 4. 5. 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,21, 22, 23, 24. 25, 26, 27, 28, 29, 

30 30, 31. 32, 33, 34, 36. 36, 37. 38, 39. 40. 41, 42, 45, 46, 47. 48. 49, 50. 51. 52. 53. 
54. 57. 58, 59, 60, 61, 62. 63. 64. 65. 66. 67. 68, 69, 70. 71. 72. 73. 74. 75. 78. 77. 
78. 79. 80, 81, 82, 83, 84, 85, 86, 87, 88, 89. 90, 91, 92, 93. 94, 95. 96. 97. 98. 99. In 
a more prefenred aspect, the compounds of the invention are Examples 1. 2, 3, 4, 5, 
6, 7, 8. 9, 10, 11, 12, 13, 14, 15, 16. 17, 18, 19, 20,21, 22. 23, 24, 26, 27, 28, 29. 32. 

35 33, 34, 35. 36. 37. 38. 39, 40. 41. 45. 47. 48, 49, 51, 52. 53, 54. 57. 58. 59. 60. 61, 
63. 64, 65. 66. 68. 69. 70. 71. 73. 74. 75. 76. 77, 78. 79. 80. 81. 82. 83. 84. 85, 86. 
87. 88, 89. 90, 91, 92. 93. 94, 95, 96, 97, 98. In an even more prefenred aspect, the 
compounds of the invention are Examples 1, 2, 3, 4, 5. 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20,21, 22, 23, 24, 27, 28, 29, 32, 33, 34, 35, 38, 39. 40, 45. 48, 49, 

40 51. 52, 57. 59. 60. 63. 66. 68. 70, 71, 73. 75, 77. 78. 79. 80. 83, 84, 85, 86, 87, 88, 
89, 90, 91 , 92, 96, 97, 98. In an even more prefen^d aspect, the compounds of the 
invention are Examples 2, 3. 5. 7. 8, 9, 10. 11. 12. 13, 14. 16, 17, 18, 20.21, 22, 23, 
24, 27. 28. 29. 33. 34, 35, 38, 39, 40. 48, 49, 57. 59,77, 78. 84. 85. 86, 87, 88. 91, 
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98. In a most preferred aspect, the compounds of the invention are Examples 2, 7, 8, 
9. 10, 11. 14. 16. 17, 18, 21, 22. 23. 38, 40. 77. 84. 85. 87. 91. 98. 

I* 

In another preferred aspect of the invention, the compounds of the Invention are 
5 Examples 2, 3, 19. 20. 25. 28. 34. 35. 36, 41. 42, 47, 54, 61, 94, 96. In another 
preferred aspect of the invention, the compounds of the Invention are Examples 2, 
20, 34, 35, 36, 41. 42, 94. 96. 

Thrombin inhibitory activity Is measured by the ability to inhibit human a-thrombin in 
10 a chromogenic assay using N-p-tosyl-^iy-pro-lys p-nitroanilide as the chromogenic 
substrate, or in a fluorogenic assay using Rhodamine 110, bis-(CBZ-L-valyl-L-prolyl- 
L-arginine amide) as the fluorogenic substrate. 

Factor Xa inhibitory activity Is measured by the ability to inhibit human Factor Xa in a 
15 chromogenic assay using N-a-benzyloxycarbonyl-D-Arg-Gly-Arg-p-nitroanilide as the 
chromogenic substrate, or in a fluorogenic assay using Rhodamine 110, bis-(CBZ- 
glycylglycyl-L-arginine amide as the fluorogenic substrate. 

Furthermore, compounds of formula (1) exhibit effective anti-coagulant activity In vitro 
20 as indicated by the APTT assays described In the Examples below. 

Thus, the compounds of formula (I) are useful in the treatment of clinical conditions 
susceptible to amelioration by administration of a thrombin inhibitor. Such conditions 
Include acute vascular diseases such as coronary thrombosis (for example 

25 myocardial infarction and unstable angina), thromboembolism, acute vessel closure 
associated with thrombolytic therapy and percutaneous transluminal coronary 
angioplasty (PTCA), transient ischemic attacks, pulmonary embolism, deep vein 
thrombosis, peripheral arterial occlusion, prevention of vessel luminal narrowing 
(restenosis), and the prevention of thromboembolic events associated with atrial 

30 fibrillation, e.g. stroke; treatment of Ischemic stroke; in oedema and PAF mediated 
Inflammatory diseases such as adult respiratory shock syndrome, septic shock and 
reperfusion damage; the treatment of pulmonary fibrosis; the treatment of tumour 
metastasis; neurogeneratlve disease such as Parkinson's and Alzheimer's diseases; 
viral infection; Kasabach Merritt Syndrome; Haemolytlc uremic syndrome; arthritis; 

35 osteoporosis; as anti-<x)agulants for extracorporeal blood in for example, dialysis, 
blood filtration, bypass, and blood product storage; and in the coating of Invasive 
devices such as prostheses, artificial valves and catheters in reducing the risk of 
thrombus formation. 

40 Accordingly, one aspect of the present Invention provides a compound of fomnula (I) 
or a physiologically acceptable derivative thereof for use In medical therapy, 
particulariy for use in the amelioration of a clinical condition in a mammal, including a 
human, for which a thombin inhibitor is indicated. 
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In another aspect, the invention provides a method for the treatment and/or 
prophylaxis of a mammal, including a human, suffering from a condition susceptible 
to amelioration by a thrombin inhibitor which method comprises administering to the 
5 subject an effective amount of a compound of formula (1) or a pharmaceutically 
acceptable derivative thereof. 

In another aspect, the present invention provides the use of a compound of fomiula 
(I) or a pharmaceutically acceptable derivative thereof, for the manufacture of a 
10 medicament for the treatment and/or prophylaxis of a condition susceptible to 
amelioration by a thrombin inhibitor. 

Preferably, the condition susceptible to amelioration by a thrombin inhibitor is 
selected from treatment of acute vascular diseases such as acute coronary 

15 syndromes (for example primary and secondary prevention of myocardial infarction 
and unstable angina and treatment of prothrombotlc sequelae associated with 
myocardial infarction or heart failure), thromboembolism, acute vessel closure 
associated with thrombolytic therapy and percutaneous transluminal coronary 
angioplasty, transient ischemic attacks, pulmonary embolism, deep vein thrombosis, 

20 peripheral arterial occlusion, prevention of vessel luminal narrowing (restenosis), and 
the prevention of thromboembolic events associated with atrial fibrillation, e.g. stroke. 

More preferably, the condition susceptible to amelioration by thrombin inhibitor is 
selected from acute coronary syndromes (for example primary and secondary 
25 prevention of myocardial infarction and unstable angina and treatment of 
prothrombotic sequelae associated with myocardial infarction or heart failure), 
pulmonary embolism, deep vein thrombosis and the prevention of thromboembolic 
events associated with atrial fibrillation, e.g. stroke. 

30 References in this specification to treatment include prophylactic treatment as well as 
the alleviation of symptoms. 

In a further aspect, the present invention provides a compound of formula (I) or a 
pharmaceutically acceptable derivative thereof for use as a therapeutic agent for use 
35 in medicine, particulariy human medicine. 

While it is possible that, for use In therapy, a compound of the present invention may 
be administered as the raw chemical, it is preferable to present the active ingredient 
as a pharmaceutical formulation. 

40 

In a further aspect, the invention provides a pharmaceutical composition comprising 
at least one compound of formula (I) or a pharmaceutically acceptable derivative 
thereof in association with a pharmaceutically acceptably carrier and/or exclpient. 
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The carrier and/or excipient must be "acceptable" in the sense of being compatible 
with the other ingredients of the formulation and not deleterious to the recipient 
thereof. 

5 Accordingly, the present invention further provides a phamnaceutical formulation 
comprising at least one compound of formula (I) or a pharmaceutically acceptable 
derivative thereof, thereof in association with a pharmaceutically acceptable carrier 
and/or excipient. The carrier and/or excipient must be "acceptable" in the sense of 
being compatible with the other ingredients of the formulation and not deleterious to 
1 0 the recipient thereof. 

In another aspect, the invention provides a pharmaceutical composition comprising, 
as active ingredient, at least one compound of formula (I) or a pharmaceutically 
acceptable derivative thereof in association with a phanmaceutically acceptable 
15 carrier and/or excipient for use in therapy, and in particular in the treatment of human 
or animal subjects suffering from a condition susceptible to amelioration by a 
thrombin inhibitor. 

There is further provided by the present invention a process of preparing a 
20 phamnaceutical composition, which process comprises mixing at least one compound 
of formula (I) or a phamnaceutically acceptable derivative thereof, together with a 
pharmaceutically acceptable canrier and/or excipient. 

The compounds for use according to the present invention may be formulated for 
25 oral, buccal, parenteral, topical, rectal, or transdemial administration or in a fomi 
suitable for administration by Inhalation or insufflation (either through the mouth or 
the nose). 

For oral administration, the phamnaceutical compositions may take the fomn of, for 
30 example, tablets or capsules prepared by conventional means with pharmaceutically 
acceptable excipients such as binding agents (e.g. pregelatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g. lactose, 
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g. 
magnesium stearate, talc or silica); disintegrants (e.g. potato starch or sodium starch 
35 glycollate); or wetting agents (e.g. sodium lauryl sulphate). The tablets may be 
coated by metinods well known in the art. Liquid preparations for oral administration 
may take the form of, for example, solutions, syrups or suspensions, or they may be 
presented as a dry product for constitution with water or other suitable vehicle before 
use. Such liquid preparations may be prepared by conventional means with 
40 pharmaceutically acceptable additives such as suspending agents (e.g. sori^itol 
syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g. 
lecithin or acacia); non-aqueous vehicles (e.g. almond oil, oily esters, ethyl alcohol or 
fractionated vegetable oils); and preservatives (e.g. methyl or propyl-fi- 
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hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts, 
flavouring, colouring and sweetening agents as appropriate. 

Preparations for oral administration may be suitably fomiulated to give controlled 
5 release of the active compound. 

For buccal administration the compositions may take the form of tablets or lozenges 
formulated In conventional manner. 

10 The compounds according to the present invention may be formulated for parenteral 
administration by injection e.g. by bolus injection or continuous infusion. 
Formulations for injection may be presented in unit dosage form e.g. in ampoules or 
In multi-dose containers, with an added preservative. The compositions may tal<e 
such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and 

15 may contain fomnulatory agents such as suspending, stabilising and/or dispersing 
agents. Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 

The compounds according to the present inventi'on may be fonmulated for topical 
20 administration by insufflation and inhalation. Examples of types of preparation for 
topical administi^ation include sprays and aerosols for use in an inhaler or insufflator, 
or a formulated powder for use in an Inhaler. 

Powders for extemal application may be formed with the aid of any suitable powder 
25 base, for example, lactose, talc, or starch. Spray compositions may be fomnulated as 
aqueous solutions or suspensions or as aerosols delivered from pressurised packs, 
such as metered dose inhalers, with the use of a suitable propellant. 

The compounds according to the present invention may also be formulated in rectal 
30 compositions such as suppositories or retention enemas, e.g. containing 
conventional suppository bases such as cocoa butter or other glycerides. 

In addition to the formulations described previously, the compounds may also be 
fomnulated as a depot preparation. Such long acting formulations may be 

35 administered by implantation (for example subcutaneously, transcutaneously or 
intramuscularly) or by intramuscular Injection. Thus, for example, the compounds 
according to the present invention may be fomiulated with suitable polymeric or 
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion 
exchange resins, or as sparingly soluble derivatives, for example, as a sparingly 

40 soluble salt. 
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The compounds of the present invention may be in the fomi of and/or may be 
administered as a pharmaceutically acceptable salt For a review on suitable salts 
see Berge et al, J. Pharm. Sci., 1977, 66, 1-19. 

5 Typically, a pharmaceutically acceptable salt may be readily prepared by using a 
desired acid or base as appropriate. The salt may precipitate from solution and be 
collected by filtration or may be recovered by evaporation of the solvent. 

A proposed dose of the compounds according to the present invention for 
10 administration to a human (of approximately 70kg body weight) is 0.1 mg to 1g, 
preferably to Img to 500mg of the active ingredient per unit dose, expressed as the 
weight of free base. The unit dose may be administered, for example, 1 to 4 times 
per day. The dose will depend on the route of administration. It will be appreciated 
that it may be necessary to make routine variations to the dosage depending on the 
15 age and weight of the patient as well as the severity of the condition to be treated. 
The precise dose and route of administration will ultimately be at the discretion of the 
attendant physician or veterinarian. 

No toxicological effects are expected when a compound of the present Invention is 
20 administered in the above-mentioned dosage range. 

The compounds of formula (I) may also be used in combination with other 
therapeutic agents. The invention thus provides, in a further aspect, a combination 
comprising a compound of formula (I) or a pharmaceutically acceptable derivative 
25 thereof together with a further therapeutic agent 

When a compound of formula (I) or a pharmaceutically acceptable derivative thereof 
is used in combination with a second therapeutic agent active against the same 
disease state the dose of each compound may differ from that when the compound is 

30 used alone. The compounds of the present invention may be used in combination 
with other antithrombotic drugs such as FXa inhibitors, thromboxane receptor 
antagonists, prostacyclin mimetics, phosphodiesterase inhibitors, fibrinogen 
antagonists, thrombolytic drugs such as tissue plaminogen activator and 
streptokinase, non-steroidal anti-inflammatory drugs such as aspirin, and the like), 

35 anti-hypertensive agents (such as angiotensin-converting enzyme Inhibitors, 
angiotensin-ll receptor antagonists, ACE / NEP inhibitors, p-blockers, calcium 
channel blockers, PDE inhibitors, aldosterone blockers), anti-atherosclerotic / 
dyslipfdaemic agents (such as HMG-CoA reductase inhibitors) and anti-anrhythmic 
agents. 

40 

The combinations refenred to above may conveniently be presented for use in the 
fomn of a phannaceutlcal fomriulation and thus pharmaceutical fomiulations 
comprising a combination as defined above together with a pharmaceutically 



wo 2004/052851 



21 



PCT/EP2003/013799 



acceptable carrier or exciplent comprise a further aspect of the invention. The 
individual connponents of such combinations may be administered either sequentially 
or simultaneously in separate or combined pharmaceutical fomnulations by any 
convenient route. 

5 

When administration is sequential, either the thrombin inhibitor or the second 
therapeutic agent may be administered first. When administration is simultaneous, 
the combination may be administered either in the same or different phamiaceutical 
composition. 

10 

When combined in the same formulation it will be appreciated that the two 
compounds must be stable and compatible with each other and the other 
components of the formulation. When fomiulated separately they may be provided in 
any convenient formulation, conveniently in such manner as are known for such 
1 5 compounds in the art. 

When a compound of formula (I) or a pharmaceutically acceptable derivative thereof 
is used in combination with a second therapeutic agent active against the same 
disease state the dose of each compound may differ from that Mrtien the compound is 
20 used alone. Appropriate doses will be readily appreciated by those skilled in the art. 
It will be appreciated that the amount of a compound of the invention required for use 
in treatment will vary with the nature of the condition being treated and the age and 
the condition of the patient and will be ultimately at the discretion of the attendant 
physician or veterinarian. 

25 

The compounds of formula (I) and physiologically acceptable derivatives thereof may 
be prepared by the processes described hereinafter, said processes constituting a 
further aspect of the invention. In the following description, the groups are as defined 
above for compounds of formula (I) unless otherwise stated. 

30 

According to a further aspect of the present invention, there is provided a process (A) 
for preparing a compound of formula (I), which process comprises reacting a 
compound of formula (II) with a compound of fomiula (III): 



35 
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5 wherein T is a suitable leaving group, such as a hallde, preferably chloride. The 
reaction is conveniently carried out In the presence of a base, e.g. pyridine, and In a 
suitable solvent, e.g. acetonitrile, suitably at room temperature. 

A compound of formula (II) where is hydrogen may be prepared from a compound 
10 offomiula(IV) 




wherein is a suitable amino protecting group, e.g. Boc (t-butyloxycarbonyl) or Cbz 
15 (benzyloxycarbonyl), by removal of the protecting group under standard conditions. 
For example, when represents Boc, removal of the protecting group may be 
effected under acidic conditions, using for example HCI in a solvent such as dioxan. 
For example, where P^ represents Cbz, the protecting group may be removed by 
reaction with hydrogen in the presence of a metal catalyst, e.g. palladium/charcoal at 
20 atmospheric pressure. Suitably, the reaction is earned out in an alcoholic solvent, 
e.g. ethanol, suitably at room temperature. 

A compound of fomriula (IV) may be prepared by reacting a compound of fonnula (V) 
with a compound of formula (VI): 
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,N— P 



CO2CH2CH3 



(V) 




(VI) 



where U is a suitable leaving group e.g. iodide, in tlie presence of a base e.g. 
triethylamine and/or 4-(dimetliylamino)pyridine, in a suitable solvent e.g. acetonitrile, 
at elevated temperature, preferably under reflux. 

A compound of formula (VI) where is CH(CH3)OCH3 and R' is hydrogen, may be 
prepared fit>m a compound of formula (VII) 



NHP^ 




(VII) 



wherein Is a suitable amino protecting group, e.g. Boc, by removal of the 
protecting group under standard conditions. For example, when represents Boc, 
removal of the protecting group may be effected under acidic conditions, using for 
example HCi in a solvent such as dioxan. 

A compound of fontiuia (VII) may be prepared from a compound of fomiula (VIII) 

NHP^ 



HO 




(VIII) 



by reaction with trimethyloxonium tetrafluoroborate in the presence of a suitable 
solvent e.g. dichloromethane. suitably at room temperature. 

A compound of fomnula (VIII) may be prepared firom a compound of fomriula (IX) 



NHP^ 



HO 




O (IX) 

OH 
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by reaction with TBTU (BenzotriazoI-1-yl-N.N.N\N-tetramethyluronium 
tetrafiuoroborate), N,N-diisopropyi ethylamine and morphollne in the presence of a 
suitable solvent e.g. dichloromethane or dimethylformamide, suitably at room 
temperature. 

5 

It will be appreciated by persons sl<il!ed in the art that compounds of formula (I), may 
be prepared by interconversion, utilising other compounds of fomiula (I) which are 
optionally protected by standard protecting groups, as precursors. For Instance, 
compounds of formula (I) where is -CH2C02-benzyl, may be converted into 
10 compounds of formula (I) possessing alternative substituents at e.g. -CH2CO2H, 
-CHaCONR^R^ and ~CH2CON(R^)Co.2alkyl(R®), by reaction with e.g. HBr in acetic 
acid, suitably at room temperature, optionally followed by reaction with TBTU, N,N- 
diisopropyi ethylamine, and a suitable amine, in the presence of a suitable solvent 
e.g. dichloromethane or dimethylformamide, suitably at room temperature. 

15 

According to a process (B), a compound of formula (IV) may also be prepared from a 
compound of formula (X) 




(X) 



20 by reaction with TBTU, N,N-diisopropyl ethylamine and morpholine in the presence 
of a suitable solvent e.g. dichloromethane or dimethylformamide, suitably at room 
temperature. 

A compound of fomiula (X) may be prepared from a compound of fonmula (XI) 

25 
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wherein is a suitable carboxyl protecting group, e.g. t-Butyl or benzyl, by removal 
of the protecting group under standard conditions. For exannple, when represents 
t-Butyl, removal of the protecting group may be effected under acidic conditions, 
using for example trifluoroacetic acid In a solvent such as dichloromethane. For 
5 example, when P^ represents benzyl, the protecting group may be removed by 
reaction with hydrogen in the presence of a metal catalyst, e.g. palladium/charcoal at 
atmospheric pressure in a suitable solvent, e.g. ethanol, suitably at room 
temperature. 



10 A compound of fonnula (XI) may be prepared from a compound of formula (XII) 



\ 



N 





N— P' 

b 
o 



(XII) 



where represents a potential leaving group, e.g. SMe, by treatment with methyl 
iodide, followed by ring closure with Dowex 2x8 400 mesh OH' resin in a suitable 
15 solvent, e.g. MeCN (acetonitrile). Alternatively, the ring closure may be performed by 
treatment with potassium carbonate in a suitable solvent, e.g. MeCN. 

A compound of formula (XII) may be prepared by reacting a compound of formula 
(XIII) with a compound of fonmula (XIV) 

.N— P^ 

(XIII) 

CO2H 




(XIV) 



by treatment with a coupling agent, for example 1-[3-(dimethylamino)propyl]-3-ethyl 
cariDodiimide hydrochloride, HOBt (1-hydroxybenzotriazole), a base. e.g. EtsN 
(triethylamine), and an organic solvent, e.g. dimethylfomnamide or dichloromethane, 
25 suitably at room temperature. 

The various general methods described above may be useful for the introduction of 
the desired groups at any stage in the stepwise formation of the required compound, 
and it will be appreciated that these general methods can be combined in different 
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ways in such multi-stage processes. The sequence of the reactions in multi-stage 
processes should of course be chosen so that the reaction conditions used do not 
affect groups in the molecule which are desired in the final product. For example, 
those skilled in the art will appreciate that, with the use of appropriate protecting 
5 groups, the coupling to any of groups -R\ -SO2R® or -NR'^R® can be the final step in 
the preparation of a compound of fonnula (I). Hence, in another aspect of the 
invention, the final step in the preparation of a compound of formula (I) may comprise 
the coupling to group -R^ by reacting a compound of formula (XV) with a compound 
of formula (XVI): 

10 




(XV) 



— X (XVI) 
Suitably, where X is a leaving group such as a halogen atom, e.g. bromine, the 
15 reaction is canied out in the presence of a base, e.g. LiHMDS (lithium 
hexamethyldisilylamide), potassium carbonate or sodium carbonate. Preferably, the 
reaction Is effected in a suitable organic solvent, e.g. tetrahydrofuran, 
dimethylformamide, at a temperature from -TS'^C to +50''C, preferably -78°C to 
+20*'C. 

20 

A compound of fomnula (XV) may be prepared under the conditions described above 
wherein R^ is hydrogen. 



In a further aspect of the present invention, the final step in the preparation of a 
25 compound of formula (I) may comprise the coupling to group -NR'^R® by reacting a 
compound of formula (XVII) with a compound of formula (XVIII): 
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(XVII) 



H 



(XVIII) 



Suitably, the reaction may be carried out in the presence of a coupling agent, for 
example 1-[3-{dimethylamino)propyl]-3-ethyl carbodiimide hydrochloride, HOBt (1- 
hydroxybenzotriazole). a base, e.g. EtsN (triethylamine), and an organic solvent, e.g. 
dichloromethane, suitably at room temperature. 

A compound of fonmula (XVII) may be prepared by reacting a compound of formula 
(X) wherein is hydrogen with a compound of fomiula (III) under the conditions 
described above. 

According to a process (C), a compound of formula (I) may also be prepared by 
reacting a compound of fonnula (XIX) with a compound of fomiula (XX): 



in a suitable solvent e.g. acetonitrile in the presence of a suitable base e.g. N-methyl 
morpholine suitably at elevated temperature, preferably at reflux, followed by 
treatment with a strong base e.g. 4-dlmethylaminopyridine suitably at elevated 
temperature, preferably at reflux. 




(XIX) 



EtO 




A compound of formula (XX) may be prepared from a compound of formula (VII) 
under conditions described above. 
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A compound of formula (I) where represents "-Ci.2alkylR^ and R® represents a 5- 
membered heteroaromatic group containing at least one N atom may be prepared 
from a compound of fomnula (I) where R^ represents •Ci-2aikylC02H. Thus, for 
example, a compound of fomnula (I) having the structure (XXI) may be prepared from 
5 a compound of formula (XXII): 




where R' represents hydrogen or methyl, represents O, N, NH or N-methyl and 
10 represents N or N-methyl, by reacting with an appropriate bis nucleophile e.g. 
hydrazine or hydroxylamine in a solvent e.g. glacial acetic add at elevated 
temperature, preferably between 70°C and 80®C. 

A compound of fomnula (XXII) may be prepared from a compound of formula (XXIII): 

15 



HjNCO, 




(XXill) 
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by reaction with dimethylformamide dimethyl acetal in a suitable solvent e.g. 
dimethylfomiamide. suitably at elevated temperature, preferably 50-70**C. 

5 A compound of fomnula (XXIII) may be prepared from a compound of formula (I) 
where represents -Ci.2alkylC02H by reaction with ammonia in the presence of a 
suitable solvent e.g. dimethylformamide and a suitable base e.g. N.N- 
diisopropylethylamine. 



10 Alternatively, a compound of fomiula (I) where represents -Ci.2alkylR® and R® 
represents a 5-membered heteroaromatic group containing at least one N atom may 
be prepared from a compound of fonnula (IV) where R^ represents -Ci.2alkylC02H 
using the methodology described above followed by removal of the protecting group 
under standard conditions followed by reaction with a compound of formula (III) as 

15 described above. 



Compounds of formula (III) are either known in the art or may be prepared from a 
compound of formula (XXIV) 



20 



(III) 

O O 



HO^ ^R® 

(XXIV) 

O O 



by treatment with a chlorinating agent e.g. POCI3 preferably at elevated temperature, 
preferably 100-160°C. Compounds of formula (XXIV) are either known in the art or 
25 may be prepared from a compound of formula (XXV) 

R® 

Br^ (XXV) 

By treating with sodium sulfite in a suitable solvent e.g. water suitably at elevated 
30 temperature, preferably at reflux. Compounds of fomnula (XXV) are either known in 
the art or may be prepared from compounds of formula (XXVI) 

HO (XXVI) 

35 by treatment with suitable bromination agents e.g. triphenylphosphlne and carbon 
tetrabromide in a suitable solvent e.g. tetrahydrofuran or dichloromethane between - 
20°C and room temperature, preferably O^C to room temperature. 
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Compounds of formula (III) may also be prepared from compounds of fonnula (XXVI) 
by treatment with a derivative of thioacetic acid e.g. potassium thioacetate in a 
suitable solvent e.g. dimethylformamide at elevated temperature, suitably 80-1 20^C, 
followed by treatment with a suitable oxidant e.g. chlorine in a suitable solvent 
5 mixture e.g. water and chloroform at 0-20°C. 

A compound of fomiula (IV) where represents -Ci^alkylCN may be prepared from 
a compound of fonmula (IV) where represents -Ci^alkylCONR^R®. Thus, for 
example, a compound of formula (IV) having the structure (XXVil) may be prepared 
1 0 from a compound of formula (XXVI 1 1): 




(XXVII) 



(XXVIII) 



15 by treatment In a suitable solvent e.g. tetrahydrofuran with a suitable electrophile e.g. 
trifluoroacetic anhydride and a suitable base e.g. triethylamine at 0-20^C. 



20 



A compound of fomnula (IV), for example as represented by a compound of fomiula 
(XXIX) may be prepared, for example from a compound of formula (XXX): 
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(XXIX) 



(XXX) 



by reaction with a suitable secondary amine NHR^°R^\ e.g. dimetiiylamine, 
5 piperidine, or morphoiine in the presence of a suitable reducing agent e.g. sodium 
triacetoxyborohydride in a suitable solvent e.g. dichioromethane, suitably at room 
temperature. 

As an example, a compound of formula (XXX) may be prepared from a compound of 
10 fomiula (XXXI) 




(XXXI) 
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by reaction with a suitable oxidant mixture e.g. tetrapropylammonium penruthenate 
and N-methylmorpholine oxide in a suitable solvent e.g. dichloromethane at a 
suitable temperature e.g. 0-20°C. 

5 A cx)mpound of fonnula (XXXI) may be prepared from a compound of fomiula 
(XXXII): 



by reaction with a suitable activating agent e.g. isopropyl chlorofonnate In the 
presence of a suitable base e.g. N-methyl morphollne in a suitable solvent e.g. 
10 tetrahydrofuran at a temperature between -50°C - O^'C, preferably -15°C - 0°C 
followed by reaction with a suitable reducing agent e.g. sodium borohydride 
preferably at -15°C - 0°C. 

A compound of formula (XXXII) is prepared from a compound of fonmula (IV), where 
15 is CHaCOabenzyl by removal of the benzyl protecting group by reaction with 
hydrogen in the presence of a metal catalyst, e.g. palladium/charcoal at atmospheric 
pressure in a suitable solvent, e.g. acetic acid, suitably at room temperature. 

Those skilled In the art will appreciate that in the preparation of the compound of 
20 formula (I) or a solvate thereof it may be necessary and/or desirable to protect one or 
more sensitive groups in the molecule to prevent undesirable side reactions. Suitable 
protecting groups for use according to the present invention are well known to those 
skilled in the art and may be used In a conventional manner. See, for example. 
"Protective groups In organic synthesis" by T.W. Greene and P.G.M, Wuts (John 
25 Wiley & sons 1991) or "Protecting Groups" by P.J. Kocienski (Georg Thieme Verlag 
1994). Examples of suitable amino protecting groups include acyl type protecting 
groups (e.g. fomnyl, trifluoroacetyl, acetyl), aromatic urethane type protecting groups 
(e.g. benzyloxycarbonyl (Cbz) and substituted Cbz). aliphatic urethane protecting 
groups (e.g. 9-fluorenylmethoxycarbonyl (Fmoc), t-butyloxycarbonyl (Boc), 
30 Isopropyloxycarbonyl, cyclohexyloxycarbonyl) and alkyi type protecting groups (e.g. 
benzyl, trityl, chlorotrityl). Examples of suitable oxygen protecting groups may include 
for example alky sllyl groups, such as trimethylsilyl or tert-butyldimethylsilyl; alkyI 
ethers such as tetrahydropyranyl or tert-butyl; or esters such as acetate. 
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Compounds of formulae (III), (V). (IX), (XIII), (XIV). (XVI). PCVIII). (XIX), (XXIV). 
(XXV), (XXVI) are known compounds and/or can be prepared by processes well 
known in the art. 

5 

Various intermediate compounds used in the above-mentioned process, including 
but not limited to certain compounds of fomiulae (II). (Ill), (IV), (Vi), (VII), (VIII), (X), 
(XI), (XII), (XV). (XVII), (XX), (XXI). (XXII), (XXIII), (XXIV), POCV). (XXVII). (XXVIII). 
(XXIX). (XXX). (XXXI), (XXXII) fomiulae are novel and accordingly constitute a 
1 0 further aspect of the present invention. 

The present invention will now be further illustrated by the accompanying examples 
which should not be construed as limiting the scope of the invention in anyway. 

15 All publications, including but not limited to patents and patent applications, cited in 
this specification are herein incorporated by reference as if each individual 
publication were specifically and individually indicated to be incorporated by 
reference herein as though fully set forth. 
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Examples 





Abbreviations 




5 


r\ DD K.I 

9-ddN 


9-Borabicyclo[3.3.1]nonane 




dAoT 


Bis (2-methoxyethyl) sulfur trifluoride 




DCM 


Dichloromethane 




DIPEA 


N.N-Dhisopropylethylamine 




Diy/IAP 


4-(Dimethylamino)pyndine 


10 


DMF 


Dimethylformamide 




HOBT 


1-Hydroxybenzotriazole 




MCPBA 


m-Chloroperbenzoic acid 




SPE 


Solid phase extraction column 




TBAF 


Tetrabutylammonium fluoride 


15 


TBTU 


Benzotriazol-1-yl-N,N,N',N-tetramethyluroniumtetrafluoroborate 




THF 


Tetrahydrofuran 




TFA 


Trifluoroacetic acid 




TPAP 


Tetrapropylammonlum perruthenate 



20 



General purification and analytical methods 



LC/MS Method 

25 Analytical HPLC was conducted on a Supelcosil LCABZ+PLUS column (3pm, 3.3cm 
X 4.6mm ID) eluting with 0.1% HCO2H and 0.01 M ammonium acetate in water 
(solvent A), and 95% MeCN and 0.05% HCO2H in water (solvent B), using the 
following elution gradient 0-0.7 minutes 0%B. 0.7-4.2 minutes 0-^1 00%B, 4.2-5.3 
minutes 100%B, 5.3-5.5 minutes 100^0%B at a flow rate of 3 ml/minute (System 1). 

30 The mass spectra (MS) were recorded on a FIsons VG Platform mass spectrometer 
using electrospray positive ionisation [(ES+ve to give MH* and M(NH4)* molecular 
ions] or electrospray negative ionisation [(ES-ve to give (M-H)" molecular ion] modes. 

nmr spectra were recorded using a Bruker DPX 400MHz spectrometer using 
35 tetramethylsilane as the internal standard. The following abbreviations are used. 

t triplet 

m multiplet 

d doublet 

s singlet 
40 br broad 
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Biotage chromatography refers to purification earned out using equipment sold by 
Dyax Corporation (either the Rash 40i or Flash 150i) and cartridges pre-packed with 
KPSil. 

5 IVIass directed directed high performance liquid chromatography was conducted on a 
HPLCABZ+ 5|jm column (5cm x 10mm i.d.) with 0.1% HCO2H in water and 95% 
MeCN, 5% water (0.5% HCO2H) utilising the following gradient elution conditions: 0- 
1.0 minutes 5%B. 1.0-8.0 minutes 5-»30%B, 8.0-8.9 minutes 30%B. 8.9-9.0 minutes 
30-»95%B, 9.0-9.9 minutes 95%B. 9.9-10 minutes 95->0%B at a flow rate of 8ml 
10 minutes-^ (System 2). The Gilson 202-fractlon collector was triggered by a VG 
Platform Mass Spectrometer on detecting the mass of interest 

Automated preparative HPLC employed the following conditions. 

15 • Column: 1 0cm x 21 .2mm ID, 5um ABZ+PLUS 

• Flow Rate: 4mLymin 

• Temp: RT 

Solvents: A: HPLC water + 0. 1 % Fomiic Add 
B: Acetonitrile + 0.05% Fomiic Acid 



Gradient: Time A% B% 

0.00 95 5 

1.45 95 5 

20 10 90 

30 10 90 

32 95 5 



20 SPE (solid phase extraction) refers to the use of cartridges sold by Intemational 
Sorbent Technology Ltd. 



25 



sex SPE (solid phase extraction) refers to the use of acidic ion exchange cartridges 
sold by Intemational Sorbent Technology Ltd. 
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Intermediates 
Route 1 




For R=a) Me, b) Et, c) s-Bu, d) Bn, k) IBu (to compound 2) 



Intermediate la) teff-Butvl N-r(ben2vloxv)carbQnvn-L-methionvl-L-alaninat6 

N-Benzyloxycarbonyl methionine (10g) was dissolved in DMF (200ml) and 1-[3- 
(dimethylamlno)propyl]-3-ethylcarbodlimide hydrochloride (8.13g) was added 
followed by HOBT (5.72g) and triethylamine (19.7ml). The mixture was stirred for 1h 
then L-alanine ferf-butyl ester (7.7g) was added and stirring continued for 18h. The 
mixture was concentrated under reduced pressure and partitioned between diethyl 
ether and water. The separated organic phase was washed with hydrochloric acid 
(1N), saturated sodium bicarbonate solution and brine, dried (over magnesium 
sulphate) and concentrated under reduced pressure to give the title compound as an 
orange oil which crystallised on standing. 
RT3.11min. MH*410 

Intermediate 1b) tert-BuM (2S)-2aN-rfbenzvloxv)carbonvn-L-methionvftamino) 
butanoate 

A mixture of (S)-2-aminobutyric acid fe/f-butyl ester (1.96g) in DCIVI (50ml) was 
treated with N-benzyloxycarbonyl methionine (2.98g) and cooled to 10°C. N,N- 
Dilsopropylethylamlne (3.85ml) was added dropwise giving a clear solution. TBTU 
(3.37g) was added in portions over 2 minutes. The reaction mixture was stirred In the 
ice bath for 5 minutes and then allowed to warm to room temperature and stirred for 
1.5 hours. The reaction mixture was stirred vigorously with saturated aqueous 
sodium hydrogen carbonate (70ml) for 5 minutes. The layers were separated and 
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the organic layer was dried and evaporated to dryness. The residue was purified by 
Biotage™ chromatography eluted with ethyl acetate:cyclohexane to give the title 
compound . 

RT 3.53min, MH*425 

Intermediate 1c) terf-Butvl A/-rfben2vloxv)carbonvn-L-methionvl-L-isoleucinate 

N-Benzyloxycarbonyl methionine (2.83g), isoleucine ferf-butyl ester hydrochloride 
(2.24g), HOBT (1.35g) and 1-(3-dimethylaminopropyl)-3-ethylcarbodlimide 
hydrochloride (1.92g) were stirred together in DMF (50ml) at 0°C. To the mixture was 
added triethylamine (2.78ml) and stimng was continued for 3.5 hours, during which 
the mixture was allowed to warm to room temperature. The mixture was partitioned 
between water (100ml) and ethyl acetate (100ml). The organic phase was diluted 
with a further 50ml of ethyl acetate and washed with 5% aqueous sodium hydrogen 
carbonate, 10% aqueous citric acid and brine (50ml each). Drying (sodium sulphate) 
and evaporation gave a colouriess gum which was used without further purification. 
RT 3.72min MH*453 

Intemnedlate Id) tert-BuM /S^rfbenzvloxv)carbonvn-L-methlonvl-L-Dhenvlalaninate 

N-Benzyloxycarbonyl methionine (14.1 6g), L-phenylalanlne terf-butyl ester 
hydrochloride (12.88g). HOBT (6.75g). 1-(3-dimethylaminopropyl)-3- 
ethylcarbodilmide hydrochloride (9.6g) and triethylamine (13.9ml.) were mixed in 
DMF (600ml) at 0°C. The mixture was stirred for 3.5 hours, during which the mixture 
was allowed to warm to room temperature. The mixture was partitioned between 
water (500ml) and ethyl acetate (500ml). The organic phase was diluted with a 
further 50ml of ethyl acetate and washed with 5% aqueous sodium hydrogen 
carbonate, 10% aqueous citric acid and brine (300ml each) to give the title 
compound as a white solid . 
RT 3.71 min, MH* 487 

Intemiediate Ik) te/f-Butvl /V-r(ben2vioxv)cari3onvn-L-methionvl-L-leucinate 

Prepared in the manner of Intemiediate Id) from N-Benzyloxycarit)on^ methionine 
and L-!eucine te/t-butyl ester. 
RT 3.55min, MH* 453 

Intemiediate 2a) terf-Butvl f2S)-2-r(3S)-3-ff(benzvloxv)carbonvnamino)-2- 
oxopvrrolidin-1 -vnpropanoate 

A solution of Intemiediate 1a) (11. 9g) in acetone (75ml) was treated with methyl 
iodide (18ml) and stirred at room temperature for 72 hours. The reaction mixture was 
then concentrated under reduced pressure to give an orange solid that was dissolved 
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In acetonitrile (200ml). Dowex (OH" form) resin (19.42g) was added and the mixture 
stirred for 18 hours at room temperature. The mixture was filtered and the resin 
washed with ethyl acetate. The filtrate was concentrated under reduced pressure to 
afford a yellow oil which was purified by Biotage™ chromatography (silica, eluting 
5 with cyclohexane:ethyl acetate 3:2) to give the title comoound as a colourless oil. 
Mass spectrum: Found: MH* 363 

Intermediate 2b) fe/f-Butvl f2SV2-ff3SV34r(benzvloxv)carbonvnaminQV-2- 
oxopvrrolldin-1 -yHbutanoate 

10 

A solution of intermediate lb) (4.5g) in acetone (30ml) was treated with iodomethane 
(6.6ml) dropwise over 5 minutes. There was no temperature rise. The reaction was 
stinred at room temperature, under nitrogen for 19 hours and then evaporated to give 
the sulfonium iodide as a sticl<y yellow foam (5.39g, RT 2.48min M* 439). A 

15 solution of the sulfonium iodide (5.35g) In dry acetonitrile (80ml) was then treated 
with Dowex (OH form) resin (7.2g) and stirred at room temperature for 19 hours. The 
reaction mixture was filtered through celite and resin was washed with acetonitrile 
(50ml) and ethyl acetate (50ml). The filtrate was evaporated to dryness and purified 
on 2x50g SPE eluted with [3:2] to [2:1] cyclohexane:ethyl acetate to give the tjfle 

20 compound as a pale yellow oil which solidified on standing. 
RT 3.34min M"^ 377. 

Intermediate 2c) teAf-Butvl (2S.3SV2-a3S)-3-fr(benzvloxv)carbonvnaminoV2- 
oxopvrrolidin-1-vl)-3-methvlpentanoate 

25 

Intemiediate 1c) (4.2g) in acetone (25ml) was stirred with iodomethane (5.8ml) at 
room temperature for 18 hours. Evaporation of the solvent gave the sulfonium salt as 
a foam which was used without further purification.This was stirred in acetonitrile 
(80ml) for 18hours with Dowex (OH fonm) resin (7.5g). The suspension was filtered, 
30 the resin washed with acetonitrile and the combined filtrates evaporated. The crude 
product was purified by silica gel chromatography (Biotage™, ethyl 
acetate:cyclohexane, 1:3) to afford the title compound as an oil which became a 
white solid on standing. 

RT S.eOmin MH* 405. M+NH/ 422. 

35 

Intermediate 2d ) te/f-Butvi (2S)-2-(f3S)-3-ff(benzvloxv)carbonvnaminoV2- 
oxopvrrolidin-1"Vl)-3-phenvl-propanoate 

To a solution of Intenmediate 1d) (12.15g) In acetone (70ml) was added iodomethane 
40 (15.6ml). After ovemlght stirring the solvents were evaporated giving the crude 
sulfonium salt (15.7g) as a foam which was used directly. This was stirred in 
acetonitrile (200ml) with Dowex (OH fomri) resin (19.4g) for IShours. The resin was 
filtered off and washed with 3 portions of acetonitrile. Evaporation followed by silica 
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gel chromatography (Biotage™, ethyl acetatexyclohexane, 1:8 to 1:4 ) provided the 
title compound as a colourless gum. 
RT3.61min MH*439 

5 Intermediate 2k) terf-Butvl (2S)-2-f (3SV3-ff (ben2vloxv)carbonvnamino>-2- 
oxopvrrolidin-1-vl)-4-methvipentanoate 

Prepared in the manner as for intenmedlate 2d) from intermediate Ik). 
RT 3.42mln 

10 

Intermediate 3a) (2S)-2"( (3SV3-ff (Benzvloxv)carbonvnaminoV2-oxopvrrolidin-1 -vH 
propanoic acid 

Intermediate 2a) (0.5g) was dissolved in DCM (7ml), and TFA (4.7ml) was added. 
15 The mixture was stirred at room temperature for 4 hours and then concentrated 
under reduced pressure to give the title compound as a colourless oil, which 
crystallised after azeotroping with toluene. 
Mass spectrum: Found: MH* 307 

20 Intermediate 3b) (2SV2-f(3SV3-ff(Benzvloxv)carbonvnaminol-2-oxopvrrolidin-1-vn 
butanoic acid 

A solution of intermediate 2b) (1.56g) in dry DCM (5ml) was cooled In an ice bath 
and treated with TFA (2.5ml) and the reaction mixture was stirred at room 

25 temperature, under nitrogen, for 2 hours. A further 2.5ml TFA was added and the 
reaction mixture was stirred for 1 hour. The reaction mixture was evaporated to 
dryness and partitioned between ethyl acetate (25ml) and brine (20ml). The layers 
were separated and the organic layer was washed with brine (lOmt). A precipitate 
formed which was dissolved by adding DCM (25ml). The organic layer was 

30 separated and dried (sodium sulphate) and evaporated to dryness. The oil was 
mixed with diethyl ether (30ml) and water (50ml) and a thick precipitate formed which 
was collected by filtration and dried to give the title compound as colouriess solid. 
RT2.73 min. MH* 321. 

35 Intermediate 3c) f2S.3SV2-f(3SV3-(r(Benzvloxv)carbonvnamlnoV2'Oxopvrrolidin-1- 
vlV3-methvlpentanoic acid 

Intermediate 2c) (2.05g) was stirred in dry DCM (5ml) at room temperature as TFA 
(5ml) was added. The mixture was stirred for 2hours and the solvents evaporated. 
40 Further DCM was added and evaporated. In order to remove residual TFA, the gum 
was dissolved in ethyl acetate (30ml) and was washed twice with water and with 
brine. Drying over sodium sulphate and evaporation gave the acid as a white solid. 
RT 3.02min, MH* 349 
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Intermediate 3d) (2SV2-f(3SV34r(Benzvloxv)carbonvnaminoV2-oxopvrrolldin-1-vlV3- 
Phenyl propanoic acid 

5 Intermediate 2d) (8.84g) In DCM (30ml) was stinted with TFA (20ml) for 3.5 hours. 
The solvent was evaporated and the residue taken up In ethyl acetate and washed 
several times with water. Drying and evaporation gave the title compound as a white 
foam. 

RT3.07min MH* 383 

10 

Intemiediate 4a ) Benzvl ( 3S V1 1 S V-1 -methvl-2>morpholin-4>vl-2-oxoeth vn-2- 
oxopvrrolidin-3-vlcarbamate 

Intemiediate 3a) (84.5g) was dissolved In DMF (21) and TBTU (161g) was added, 
15 followed by N,N-diisopropylethylamine (92ml) and morphollne (46ml). The mixture 
was stirred under nitrogen for 2.5h, and saturated aqueous ammonium chloride was 
added. The mixture was stirred for 15min then partitioned between water and ethyl 
acetate. The separated organic phase was washed with lithium chloride (10% by 
weight), followed by saturated sodium bicarbonate and brine. The orcianic layer was 
20 dried (over sodium sulphate) and concentrated under reduced pressure to give the 
title compound as a yellow solid. 
Mass spectrum: Found: MH* 376 

Intenmediate 4b) Benzvl f3SV14MSV1-morpholin-4-vlcari3onvlpropvn-2- 

25 oxopvrrolidin"3-vlcarbamate 

A solution of intermediate 3b) (1.14g) in dry DMF (25ml) was cooled in an ice bath, 
under nitrogen. Morpholine (0.62ml) was added followed by N,N- 
dlisopropylethylamine (1.24ml). TBTU (2.28g) was added in portions over 5 minutes. 
The pale yellow solution was stinted in the ice bath for 30 minutes and then at room 

30 temperature 16 hours. Sat. ammonium chloride (30ml) was added and then the 
mixture was partitioned between water (50ml) and ethyl acetate (100ml). The layers 
were separated and the aqueous layer was washed with ethyl acetate (50ml). The 
organic extracts were combined and washed with 0.5N sodium carbonate solution, 
10% aq. Lithium chloride solution (2x50ml) and brine, dried (sodium sulphate) and 

35 evaporated to a gum which was purified on a lOg SPE column eluted with ethyl 
acetate to give the title compound as a colourless foam. 
RT 2.67min M* 390. 



Intemiediate 4c) Benzvl (3S)-1 -fd S.2SV2-methvM -f morpholin-4-vlcari3onvnbutvn-2- 
40 oxopvrrolidin-3-vlcarbamate 

To intemnediate 3c) (1.81g) stinred in DMF (40ml) at room temperature was added 
TBTU (3.34g). N,N-diisopropylethylamine (1.81ml) and morpholine (0.95ml). After 5 
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hours the reaction was quenched with saturated aqueous ammonium chloride (50ml) 
then partitioned between ethyl acetate (150ml) and water (50ml). The aqueous 
phase was extracted with more EtOAc (50ml) and the combined organics washed 
with 2N sodium carbonate (50ml), lithium chloride (10% aq., 2 x 50ml), brine (50ml) 
5 and dried over sodium sulphate. Removal of solvent gave a gum which crystallised 
upon trituration with diethyl ether. The solid was filtered, washed with ether and 
dried. 

RT2.95min MH* 418 

10 Intermediate 4d) Benzvl f 3S)-1 -U 1 SV1 -benzvN2-morpholin-4-vl-2-oxoethvn-2- 
oxopvrroHdin-3-vlcarbamate 

Following a similar protocol to that used for intermediate 4c), intermediate 3d) (7g), 
TBTU (11.75g), N,N-dilsopropylethylamine (6.37ml) and morpholine (3.34ml) were 
15 stirred together in DMF (140ml) for 18 hours. Workup as for intermediate 4c) gave a 
gum which was purified by silica gel chromatography (Biotage™, DCM then 
DCMiMeOH, 20:1 ) to afford the title compound . 
RT2.96min MH*452. 

20 Intermediate 5a) f3SV3-Amino-1"r(1 SV-1 -methvl-2-moroholin-4-vl-2- 

oxoethvnpvrrolidin-2"One 

A mixture of intemnediate 4a) (20g), 10 % palladium on carbon (2g) and ethanol (1.31) 
was stirred under an atmosphere of hydrogen for 16 hours. The reaction mixture was 
25 filtered through celite and the filtrate was concentrated under reduced pressure to 
give the title compound as a pale white oil. 

NMR (D4 MeOH): 55.05 (1H, dd). 3.59 (9H, m), 3.37 (2H, m), 2.42 (1H, m), 1.75 
(1H, m), 1.30(3H, d)ppm. 

30 Intermediate 5b) (3S V3-Amino-1 -Ff SV1 -(morpholin-4-vlcarbonvl)propvnpvrrolidin"2- 
one 

A solution of intermediate 4b) (1.1 4g) in ethanol (25ml) was hydrogenated at room 
temperature and atmospheric pressure in the presence of 10% palladium on carbon 
35 (200mg of 50% wet catalyst) for 24 hours. The mixture was filtered through celite, 
washed through with ethanol (40ml) and the filtrate was evaporated to dryness. The 
residue was azeotroped with toluene and evaporated to a colouriess oil. 
RT1.14min. M"^ 256. 



40 Intermediate 5c) f3S)-3"aminO'1 -U 1 S.2SV2-methvl-1 morpholin-4- 

vlcarbonvnbutvnpvrrolldin-2-one 



wo 2004/052851 



42 



PCT/EP2003/013799 



Intermediate 4c) (1.3g) in ethanol (25mi) was hydrogenated over 10% palladium on 
carbon (200mg'of 50% wet catalyst) at atmospheric pressure for 18 hours. The 
catalyst was filtered using celite and washed with ethanol. The filtrates were 
evaporated giving the title compound , 
5 RT1.88min. MH*284 

Intenmediate 5d) (3S)-3-amino-1 -U 1 SV1 -benzvl-2-morpholin-4-vl-2- 

oxoethvnpvrrolldin-2-one 

10 Intermediate 4d) (1.35g) in ethanol (35ml) was hydrogenated over 10% palladium on 
carbon (200mg of 50% wet catalyst) for 18 hours. After 18 hours the mixture was 
treated with fresh catalyst (200mg of 50% wet catalyst) and hydrogenated for a 
further 18 hours. The catalyst was filtered off, the filtrate evaporated, redissolved in 
toluene and evaporated (x2) to give the title compound . 

15 RT1.89mln, MH*318 



Route 2 




Intermediates Benzvl N-ftert-butoxvcarbonvlV-L-methionvl-O-methvl-L-serinate 

A solution of (S)-2-amino-3-methoxypropionic acid benzyl ester hydrochloride 
25 (1.40g) in dry DCM (20ml) was cooled in an ice bath under nitrogen. Boo-L- 
methlonine (1.57g) was added followed by N,N-diisopropylethylamine (2.19ml). After 
stirring for 5 minutes TBTU (2.02g) was added in portions over 5 minutes. The 
reaction mixture was stirred for 15 minutes in the cooling bath and then stirred at 
room temperature for 3 hours. The reaction mixture was partitioned between DCM 
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(25ml) and saturated sodium bicarbonate solution (40ml). The layers were 
separated and the aqueous layer was washed with DCM (25ml). The organic 
extracts were combined, washed with brine, dried (sodium sulphate) and evaporated 
to dryness. The oil was purified via silica gel chromatography eluted with 
5 cyclohexanerethyl acetate (1:1) and trituration with diethyl ether/cyclohexane to give 
the title compound as a colouriess solid. 
RT 3.21 min M* 441. 

Intermediate 7 Benzvl f 2S)-24f 3S V3-rftert-butoxvcarbonvnamino1-2-Qxoovrrolidin-1 - 
10 vl)-3-methoxvproDanoate 

A suspension of intermediate 6 (1.60g) in acetone (17.5ml) was treated with 
iodomethane (2.3ml) dropwise over 5 minutes. The yellow solution was stirred at 
room temperature for 18 hours and then further iodomethane (I.SmI) was added and 

15 the reaction was stinred for 3 hours and evaporated to a yellow foam (2.22g, RT 
2.42min M* 455). A solution of the resulting sulfonium iodide (1.1 Og, 1.89 mmoles) 
in dry acetonitrile (15ml) was treated with Dowex (OH form) resin (2.6g) and stirred at 
room temperature for 18 hours. 1 .5g more resin was added and reaction mixture was 
stirred for 2 hours. The raacb'on mixture was filtered through celite and resin was 

20 washed with acetonitrile (50ml) and ethyl acetate (50ml). The filtrate was evaporated 
to dryness and purified via silica gel chromatography eluted with hexaneiethyl 
acetate (2:1) to give the title compound as a pale yellow oil as an approximately [2:1] 
mixture of isomers. 
RT 3.01 min 393. 

25 

Intermediate 8 (2SV2-ff3SV3-rftert-Butoxvcari3onvnamino1-2-oxopvnrolidin-1-vl)-3- 
methoxvoropanoic acid 

A solution of intermediate 7 (0.449g) in ethanol (10ml) was hydrogenated at room 
30 temperature and atmospheric pressure in the presence of 10% palladium on carbon 
(300mg of 50% wet catalyst) for 18 hours. The mixture was filtered through celite. 
washed through with ethanol (40ml) and the filtrate was evaporated to dryness. The 
residue was azeotroped with toluene and DCM and evaporated to give the title 
compound as a colouriess oil as an approdmately [2:1] mixture of isomers. 
35 RT 2.21 min, 303. 

Intermediate 9e) terf-Butvl (3S VI -ff 1 SVI methoxvmethvn-2-moroholin-4-vl-2- 
oxoethvn-2-oxopvrrolidin-3-vlcarbamate 

40 A solution of intenmediate 8 (0.377g) in dry DMF (10ml) was cooled in an ice bath 
under nitrogen. Morpholine (217ul) was added followed by DIPEA (0.435ml). TBTU 
(0.80g) was added in portions over 5 minutes. The pale yellow solution was stirred in 
the ice bath for 30 minutes and then at room temperature for 18 hours. Sat. 
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ammonium chloride (10ml) was added and then the mixture was partitioned between 
water (10ml) and ethyl acetate (40ml). The layers were separated and the aqueous 
layer was washed with ethyl acetate (2x20ml). The organic extracte were combined 
and washed with saturated sodium bicarbonate solution, water (10ml) and brine 
5 (10ml), dried (sodium sulphate) and evaporated to a gum which was mixed with 
diethyl ether and the title compound filtered off as a colourless solid . 
RT 2.20min M* 372. 

Intermediate 5e) f 3S)-3-amino-1 -\( 1 SV1 -(methoxvmethvl)-2"morpholin-4"Vl-2- 
10 oxoethvnpvrrolidin-2"One hydrochloride, 

A solution of intermediate 9e) (0.21 5g) in dry DCM (3.5ml) was treated with 4M HCi 
in dioxan (0.88ml) and the solution was stinred at room temperature for 4 hours and 
evaporated to dryness. The residue was mixed with dichloromethane and 
15 evaporated to a colouriess foam. 
RT0.38min M*272. 



Intemnediate 9f) tert-Butvl (3SV1-rf1SV2-methvl-1-(morDholin-4-vlcarbonvnpropvlV2> 
oxopvrrolidin-3-vlcarbamate 

25 A solution of 2(S) ethyl 2-(tert butyloxycarbonylamino)-4-iodo butanoate* (392mg). 2- 
(S)-2-amino-3-methyl morpholinylbutanamide** (225mg) and triethylamine (1.1 eq) in 
acetonitrile (5.5mL) was stinted at 80°C for 4 hours and DMAP (1-Oeq) added. The 
mixture was then stirred at BO^C for 24 hours, solvent removed in vacuo and the title 
compound isolated via silica gel chromatography and amino-propyl SPE. 

30 RT2.44min, MH*370 



Route 3 




Forf) r2= IPr, g) R= MeOCH(CH3) j) R=CH2-(2-thienyl) 



20 



* 



J.Med.Chem. 1994. 2950-2957 
J.Chem.SocPerkin Trans.1, 1975; 830-841 
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Intermediate 5f) (3S)-3-Annino1-rf1SV2-methvl-1-fmorDholin-4- 

vlcarbonvl)Dropvnpvnrolidin-2-one hydrochloride 

5 To a solution of intermediate 9f) (0.23g) in DCIVI (3mL) was added 4M HCI/dioxan 
solution (6.0eq) and the mixture stirred for 4 hours. The solution was reduced in 
vacuo to give the title compound . The amine was liberated from the HCI salt 
Immediately prior to the next step via retention on SCX SPE column (2x1 Og), 
washing with methanol and recovery of the free amine via elutlon with methanolic 
10 ammonia (2M) and solvent removal under reduced pressure. 
RT1.53min, MH'^270. 




For g) R» CH(CH3)OCH3) and In part J) R-(2thienyl)-CH2 



15 Intemiedlate 11 te/f-Butvl r( 1 S.2RV2-hvdroxv-1 -f 1 -morpholin-4-vl-methanovn- 
propvTlcarbamate 

To a mixture of N-terf-butoxycarbonyl threonine (2.4g, 11,2mmol), DIPEA (1.2eq) 
and morpholine (I.Oeq) in DCM (40mL) was added TBTU (1.1 eq) and the mixture 

20 stirred at room temperature for 2 hours. Saturated sodium bicarbonate solution and 
40mL DCM was added, the mixture stinred vigorously for 10 minutes and the layers 
separated. Reduction of the oi^anlc phase in vacuo gave the crude product which 
was then purified by silica gel chromatography (ethyl acetatercyclohexane 3:1) to 
give the title compound , 

25 RT 2.04min MH* 289. 

Intermediate 12g) te/f-Butvl \( 1 S.2RV2-methoxvoxv-1 -fl -moroholin-4-vl-methanovl V 
propvllcarbamate 

30 A solution of intenmediate 11 (1.1 5g, 4.0mmol) in DCM (20mL) was stirred vigorously 
at 0°C In the dari^. To this was added Proton Sponge (1.3eq), trimethyloxonium 
tetrafluoroborate (I.Seq) and the mixture allowed to warm to room temperature upon 
which it was stinted for 8 hours. The solution was filtered, washed with 2N HCI 
(20mL) and reduced in vacuo. The resulting residue was purified via silica gel 

35 chromatography to give the title compound . 
RT2.31min MH* 303. 
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Intermediate 13a) f3ffl-3"methoxv--1-morphQlin-4"Vl-1-oxobutan-2-amine HCI salt 

Prepared in a similar manner to Intermediate 5f) from intermediate 12li). 
5 RT0.46min, IVIH*203 

Intemiediate 9g) ferf-butvl (3S)-^ -U 1 S,2R)"2'methoxv-1 -(morDholin-4- 
vlcarbonvnDroDvn-2-oxopvrrolldin-3-vlcarbamate 

10 Prepared in a similar fasliion to intermediate 9f) from intemnediate 13g) + 2(S) ethyl 
2-(tert butyloxycarbonylamino)-4-iodo butanoate*. 
RT2.31min, MH* 386 

J.l^ed.Chem. 1994, 2950-2957 

15 

Intemiediate 5g) (3SV3-amina-1 -Ff 1 S.2/?V2-methoxv-1 -f morDhonn-4- 

vlcarbonvl)propvllpvrroiidin-2-one 

Prepared in a similar fashion to Intermediate 5f), from Intermediate 9g). 
20 RT1.3minlVIH*286 

Intermediate 12j) tert Butvl SV2-morpholin-4-vl-2"OXO-1 -thien-2-vlmethvl- 
ethvDcarbamate 

25 To Boc-L-2-thienyIalanine (360mg) in DCM (10ml) was DIPEA (0.28ml), TBTU 
(0.47g) and morpholine (0.13ml). The mixture was stirred for two hours, then sat 
sodium bicarbonate solution (10ml) was added and the mixture stinted for 10 
minutes. The organic layer was separated and evaporated in vacuo to give the title 
compound . 

30 RT 2.76min, MH* 341 

Intermediate 13j) (2SV1 -mon3holin-4-vl-1 -oxo-34hien-2>vlpropan-2-amine 

Intemiediate 12j) (470mg) was taken up in DCM (7ml). 4M HCI in dioxan (2ml) was 
35 added and the mixture was stirred for 2 hours. Solvent was then evaporated in 
vacuo, and the residue purified on an NH2-ion exchange column (eluting with 
methanol followed by methanol/ammonia) to give the title compound as the free base 

RT1.47min, MH*241 

40 



Intermediate 9j) terf-butvl f3S)-1-r(1SV2-morpholin-4-vl-2-oxo-1-fthien-2- 
vlmethvl)ethvn"2-oxopvrrolidin-3-vlcarbamate 
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Intermediate 13j) (316mg) and 2(S) ethyl 2-(ferf-butyloxycarbonylamino)-4-iodo 
butanoate* (420mg) were stirred In acetonltrlle (5ml) with triethylamine (0.18ml) and 
heated to 85°C. After 2 hours, DMAP (160mg) was added, and the mixture was 
stirred ovemight at 90°C, Solvent was then evaporated In vacuo, and purified by 
5 silica gel chromatography (ethyl acetate) to give the title compound , 
RT2.79min, MH*424 

J.Med.Chem. 1994, 2950-2957 

10 Intermediate 5j) OSVS-amino-l -K 1 SV2"morphoiin-4-vl-2-oxo-1 -(thien-2- 

vlmethvl)ethvnpvrrolidin-2-one hvdrochloride 

Intemnediate 9j) (190mg) was taken up in DCM (2ml). 4M HC\ in Dioxan (0.68ml) was 
added, and the mixture stirred for 2 hours. Solvent was then evaporated under 
15 reduced pressure to give the title compound as the hydrochloride salt. 
RT1.74min, MH*324 




10 9 • ^ 

9h) R=CH2C02Bn 5h) R^CHaCOaBn 

20 

Intermediate 10 Benzyl (S)-3-((SV2-tert-butoxvcarbonvamino-4-methvlsulfonvl- 
butanovlamino)-4-morpholin"4-vl-4-oxo)butanoate 

L-Boc-methionine (3.79g) was stirred in DMF at room temperature. TBTU (9.77g) 
25 was added followed by di-isopropylethyiamine (7.9ml) and (3S)- benzyl (3S)-3- 
amino-4-morpholin-4-yl-4-oxobutanoate* (5g as the hydrochloride salt). After stim'ng 
for 3 hours, the mixture was quenched with sat. aq. Ammonium chloride (100ml) then 
partitioned between water (100ml) and ethyl acetate (100ml). The organic layer was 
washed with 2N sodium carbonate solution, 10% aq. Lithium chloride solution, then 
30 dried over sodium sulphate and solvent evaporated in vacuo. Purification via silica 
gel chromatography (ethyl acetate:cyclohexane 1:1 to 2:1) gave the title compound . 
RT3.02min. MH*524 
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* Hilpert et al, J. Med. Chem., 1994. 37. 3889-3901 

Intermediate 9h) Benzvl f3SV3-lf3SV3-fffe/f-butoxvcarbonvnamino1-2-oxoDvrrolidm-> 
1 -vlV4-morDholin-4-vl-4-oxobutanoate 

5 

Intermediate 10 (6.0g) was stin-ed In acetone (35ml) and lodomethane (7.2ml) was 
added dropwise at room temperature. After stirring overnight, solvent was 
evaporated in vacuo to give the sulfonium iodide. The resulting suifonium salt (7.6g) 
was not isolated but was stirred in acetonitrile (100ml). DOWEX (OH fomri) resin 
10 (8.3g) was added and the mixture stirred overnight. After filtration, solvent was 
evaporated under reduced pressure to give a colourless foam. Precipitation from 
ethyl acetate/cyclohexane gave the title compound . 
RT2.87min, MH*476 

15 Intermediate 5h) Benzvl (3S)-3-rf3SV3-amino-2-oxopvrrolidin-1 -vn"4-morpholin"4-vl" 
4-oxobutanoate hvdrochloride 

Intenmediate 9h) (4g) was stinred in a mixture of 1,4-dioxan and 4M HCI In 1-4- 
dioxan for 5 hours. After evaporation of solvent under reduced pressure, ether (30ml) 
20 was added, and the mixture triturated then solvent re-evaporated. The ether 
treatment was repeated three more times to give the title compound as the 
hydrochloride salt. 
RT1.93min. MH* 376 

25 Intermediate 1 4 2"(2-bromoethvlV5-chlorothlophene 

To a solution of 2-(5-chIoro-2-thienyl)"ethanor (12.2 g) and triphenylphosphine (21.4 
g) in anhydrous THF (150 ml) at 0°C was added carbon tetrabromide (27.5 g). The 
reaction was stirred at 5 °C for 15 minutes then at room temperature for 2.5 hours. 
30 Ether was added and the reaction was then filtered and the filtrate concentrated. The 
resultant residue was purified by silica gel chromatography eluting with 8:1 
cyclohexane: DCM to give the title compound . 
RT 3.50min* Schick et al., J.Amer. Chem. Soc, 70, 1948. 1646. 

35 Intermediate 1 5 2-f5-chlorothien-2-vnethanesulfonvl chloride 

To a stirred solution of intermediate 14 (14 g) in acetone (125 ml) was added an 
aqueous solution of sodium sulfite (10.5 g In 125 ml of H2O). The reaction was 
heated at reflux for 18 hours then concentrated to yield a pearly pink solid, which was 
40 dried under vacuum at 50 °C for 18 hours. A suspension of the salt in POCI3 (90ml) 
was heated at 150 °C for 2.5 hours. The reaction was concentrated and DCM and 
water added to the resultant residue. The organic portion was collected. 
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concentrated and the resultant oil purified by silica gel chromatography (7:3 
petroleum ether: toluene) to yield a brown oil. 
RT 3.33min 

5 Intermediate 1 6 1 -f2-bromoethvlM-chlorobenzene 

To a solution of 2-(4-chlorophenyl)ethanol (15 g, 95.8 mmol) In diethyl ether (225 ml) 
were added triphenylphosphine (31.2 g. 119 mmol) and carbon tetrabromide (38,4 g. 
116 mmol). The mixture was stinted at room temperature for 16 hours, diluted with 
10 petroleum ether (bp 40-60 X, 360 ml), and filtered. The filter cake was washed with 
a mixture of diethyl ether/petroleum ether (1:1, 250 ml). The filtrate was 
concentrated, and the residue distilled in vacuo to the title compound as a colourless 
oil: 

bp 104-105X (0.25 mbar); NMR (CDCI3) 5 3.12 (t, 2H), 3.53 (t, 2H), 7.13 (d, 2H), 
15 7.28 (d, 2H); '^C NMR (CDCI3) 8 33.0, 39.0, 129.1 (2C), 130.4 (2C), 133.2, 137.7. 

Intermediate 1 7 Sodium 2-(4-chloroDhenvnethanesulfonate 

Intemiediate 16 (17.3 g) was dissolved In 1,4-dioxane (50 ml) and added to a 
20 solution of sodium sulfite (13.5 g) in water (170 ml). The mixture was heated under 
reflux for 3 hours, then evaporated to dryness. The residual solid was washed with 
diethyl ether, and then recrystallised from water to give the title compound . 

Intemiediate 1 8 2-(4"Chlorophenvnethanesulfonvl chloride 

25 

Intermediate 17 (13.74 g) was suspended in a mixture of toluene (180 ml) and DMF 
(1.2 ml). Thionyl chloride (4.4 ml, 60.3 mmol) was added and the mixture was heated 
at 85°C for 3 hours. The mixture was cooled, then filtered through a celite pad. The 
filtrate was concentrated to one half the original volume, then chromatographed on 
30 silica gel using toluene as the eluent. Recrystallisation from petroleum ether gave 
the title compound as colourless needles. 

mp 87.0-87.5"C; NMR (CDCI3) 5 3.30-3.34 (2H. m), 3.87-3.91 (2H. m), 7.19 (2H, 
d). 7.34 (2H, d); '^C NMR (CDCI3) 5 30.2. 66.3, 129.7, 130.3, 134.0, 134.4. 

35 Intermediate 19 Ethvl 2-f 5"Chlorothien-2-vn-2-hvdroxvpropane-1 -sulfonate 

A solution of ethyl methanesulfonate (4.97g) in THF (20ml) was added dropwise to a 
solution of lithium hexamethyldisilylamine (42.0 ml of 1M solution in THF plus 20ml of 
THF) at -78°C under nitrogen and the solution was stinred for 30 minutes. A solution 
of 2-acetyl-5-chlorothiophene (6.75g) in THF (70ml) was added to this over fifteen 

40 minutes and the temperature maintained at -78°C for 90 minutes. The reaction was 
quenched with 100ml of saturated aqueous ammonium chloride and the mixture 
extracted with 2 x 200ml of ethyl acetate. The combined organic fractions were 
washed with brine; dried (MgS04) and evaporated under reduced pressure to afford 
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a cmde oil that was purified by Biotage™ chromatography (4 x 90g) eluted with 1:3 
ethencyclohexane. The title compound was obtained as a colourless oIL 

NMR (CDCI3): 8 6.79(1 H. d), 6.73(1 H. d), 4.26(2H. m), 4.14(1 H, s), 3.32(1 H, d), 
3.52(1 H, d). 1.8(3H, s), 1.36(3H. t) ppm. 
5 RT 2.92 min, MH^-HzO 267 M+NH4* 302. 

Intermediate 20 Ethvl 2-(4-chloroDhenvlV2-hvdroxvproDane-'1 -sulfonate 

Prepared in similar fashion to Intenmedlate 19 from ethyl methanesulfonate and 2- 
1 0 acetyl-4-chlorobenzene. 
RT 2.88min M+NH/ 296 

Intemiedlate 21 Ethvl (1EV2-f5-ch!orothien-2"Vnprop-1-ene-1 -sulfonate 

15 A solution of intermediate 19 (10.9g) in DCIVI (300 ml) was cooled to 0°C under 
nitrogen, to which was added methanesulphonic acid (15.0mi) in a dropwise fashion. 
After stim'ng for 90 min, 200ml of saturated aqueous sodium bicarbonate was added, 
plus 50ml of water and 50 mi of brine. The layers were separated and the aqueous 
layer back extracted with 100 ml of DCM; the organics were combined, washed with 

20 brine and dried over magnesium sulphate and evaporated. The crude mixture was 
loaded onto an 800g Biotage™ column in 30 ml of chloroform and eluted with 15% 
ferfbutylmethyl ether in cyclohexane. The title compound was obtained as a white 
crystalline solid (Rf 0.5 1:1 ether cyclohexane) along with the unstable ethyl 2-(5- 
chlorothien-2-yl)prop-2-ene-1-sulfonate isomer (Rf 0.45 1:1 ether cyclohexane). 

25 NMR (CDCI3): 5 7.16(1 H, d), 6.92(1 H, d), 6.47(1 H. d) 4.26(2H, q), 2.50(3H, d), 
1,42 (3H, t) ppm, 

RT3.34min MH* 267 M+NH/ 284 

Intermediate 22 Ethvl f1 EV-2-f4-chlorophenvn-Drop-1-ene-1 -sulfonate 

30 

Prepared in a similar fashion to intermediate 21 from intemnediate 20 and methane 

suiphonic acid, 

RT 3.31 min M+NH4*278 

35 Intermediate 23 (1 E)-2-(5-Chlorothien-2-vl)proD-1-ene-1-sulfonvl chloride 

Tetrabutylammonium iodide (4.03g) was added to a solution of Intermediate 21 
(2.9g) in acetone (180ml) under nitrogen and the solution heated under reflux for 17 
hours. The solution was cooled and evaporated under reduced pressure to produce 
a yellow-brown solid. This was stinted in phosphorus oxychloride (30ml) at room 

40 temperature for 3.5 hours, after which the volatiles were evaporated and the residue 
coevaporated twice with toluene. The residue was applied, in 30ml chlorofomi, to 2 x 
50g silica columns conditioned with chloroform. These were washed with 4x 40 ml of 
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cyclohexane and eluted with 2 x 40 ml of 1:1 ether cyclohexane. The elution 
fractions were evaporated to yield the title compound as a yellow crystalline solid. 

NIVIR (CDCI3): 5 7.31 (1H, d), 6.99(1 H. d), 6.96(1 H, q), 2.64(3H, d) ppm. 
LCMS of a sample treated with 0.1 ml of 2M dimethylamlne In THF afforded the 
5 clean dimethyl sulphonamide. 
RT 3.22 minutes. MH* 266. 

Intermediate 24 f 1 E)-2-f4-chlorophenvnprop-1 -ene-1-sulfonvl chloride 
Prepared in similar fashion from Intermediate 22. Treatment with dimethylamlne gave 
1 0 the dimethylsulphonamide. 
MH* 260 




25 26 27 



15 Intermediate 25 1-f2"bromo-1.1-difluoroethvn-4-chlorobenzene 

1-(2-bromoacetyl)-4-chlorobenzene (4.0g) was stirred at 0°C in DCM (35ml). BAST r 
(5.0ml) was added slowly and the mixture was stirred at 0°C for 1 hour then allowed 
to warm to room temperature and stirrd for a further 2 hours, then heated to 40°C for - 
20 4 hours. Purification by silica gel chromatography (cyclohexane: DCM 4:1) gave the 
title compound . 
RT 3.44 min. 

Intermediate 26 S"r2-(4-chlorophenvl)--2.2-difluoroethvn ethanethioate 

25 

A solution of intermediate 15 (1.5g) in DMF (27ml) was added to a solution of 
potassium thioacetate (1.3g) in DMF (90ml). The mixture was then stirred at 50°C for 
18 hours. DCIVI (200ml) was added to the mixture together with water (200ml) and 
the layers separated. Evaporation of the organic layer under reduced pressure gave 
30 the title compound . 
RT 3.41 min 

Intermediate 27 2'f4-chlorophenvlV2,2-difluoroethanesulfonvI chloride 

35 Chlorine gas was bubbled through water (250ml) in an icebath to give a yellow green 
solution. Intermediate 26 (536mg) was added as a chlorofomi solution (3ml). The 
reaction was stinred vigorously for 10 minutes then was allowed to warm to room 
temperature and was stirred for a further 5 minutes. After purging with nitrogen, the 
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reaction mixture was extracted with chloroform. The organic portion was evaporated 
In vacuo to give the title compound as a white solid. 

To confirm the nature of the product, a sample was treated with an excess of 
methylamine in THF, to give the expected sulphonamide. 
5 RT 2.88min. 270 

Intenmediate 28 Sodium 2-(2.4-<lichlorQphenvnethanesulphonate 

1-(2-bromoethyl)-2,4-chlorobenzene * (6.8g) was mixed with sodium sulphite (3.36g) 
10 in a 4:1 mixture of waterdioxan (50ml) and heated to 140°C overnight. A further 25ml 
of dioxan was added and reflux continued for a further 24 hours. . The mixture was 
then cooled to room temperature and concentrated in vacuo. The residue was 
triturated with diethyl ether and dried to give the title compound . 
RT 3.68min [M-Na]+253. 

15 

* Sharafian et al., J. Het Chem. 1994, 31, 6, 1421 

Intemnediate 29 2-(2.4-dichlorophenvnethanesuifonvl chloride 

20 A suspension of Intermediate 28 in toluene (90ml). DMF (0.58ml) was added, 
followed by thionyl chloride (2ml) over 5 minutes. After stimng for 4 hours, the 
mixture was cooled and filtered through celite, then concentrated under reduced 
pressure. The residue was purified by silica gel chromatography (toluene) to give the 
title compound . 

25 

Intermediate 30 4-chloro-2-fluorostvrene 

A solution of potassium t-butoxide (3.55g) was stinred in THF (40ml) at O^'C. Methyl 
triphenylphosphonium bromide (11. 4g) was added and the mixture was stinred for 10 

30 min at O^'C then at room temperature for 1 hour. After cooling to 10 ''C, 4-chloro-2- 
fluorobenzaldehyde (4.2g) was added in THF (30ml) over 10 minutes and the mixture 
was stinred at room temperature for 3 hours. Toluene (20ml) was added and solvent 
volume reduced by half in vacuo. After addition of petroleum ether, the mixture was 
filtered and solvent removed in vacuo. The residue was purified by silica gel 

35 chromatography (toluenerpetroleum ether 3:7) to give the title compound . 
RT 3.52min 

Intermediate 31 2-(4-chloro-2-fluorophenvnethanol 

40 To a 0.5M solution of 9-BBN in THF (50ml) was added intermediate 30 (3.2g) in THF 
(30ml). The mixture was stinted at room temperature for 18 hours, then cooled to 
0°C. ION NaOH (2.5ml) was added followed by hydrogen peroxide (30%, 7.7ml) 
keeping temperature<15°C. The mixture was cautiously heated to 50 °C for 2 hours. 
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then cxjoled to 10°C and sat. aq. sodium sulfite (21ml) added. The organic layer was 
separated, and washed with sat. aq. sodium bicarbonate solution, then brine, then 
dried over magnesium sulphate. Solvent was evaporated under reduced pressure 
and the residue was purified via silica gel chromatography (DCM, then DCM:ethyl 
5 acetate 9: 1 ) to give the title compound . 

Intermediate 32 1-(2-bromoethvl)-4-chloro-2'>f]uorobenzene 

To a solution of intermediate 31 (2.8g) and 2,6-lutidine (0.44g) in ether (40ml) was 
10 added triphenylphosphine (5.2g) and carbon tetrabromide (6.4g) (with cooling to 
approx. 15°C). The mixture was stirred overnight at room temperature then diluted 
with petroleun ether (100ml) and filtered. The residue was concentrated in vacuo and 
then distilled under reduced pressure to give the title compound . 
BPt 85-95°C @0.19mbar 



Intermediate 33 Sodium 2"f4-chioro-2"fluorophenvnethanesulphonate 

Prepared from intermediate 32 according to the procedure for intermediate 28. 
RT 3.48min, [M-Na]* 237 

20 

I ntermediate 34 2-(4-chloro-2-fluorophenvl)ethanesulfonvl chloride 

Prepared from intermediate 33 according to the procedure for intermediate 29. 



15 



25 




Intermediates 35 and 36 (Z=H) 
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Intermediate 35) fE)-2-(5-Chiorothien->2-vlVN4f3SV1-rnSV1-methvl-2-morDholin-4- 
vl"2-oxoethvn-2-oxopviTolidin-3"Vl>ethenesutfonamide 

To a solution of intemiediate 5a) (14.9g) in anhydrous acetonltrile (750ml) were 
5 added (E)-2-(5-chlorothien-2-yl)ethenesulfonyI chloride (16.5g) in acetonitrile (250ml) 
and pyridine (11ml), and the mixture was stinted at room temperature for 72 hours. 
Saturated ammonium chloride solution was added and the resultant mixture stinred at 
room temperature for SOmin. The mixture was concentrated under reduced pressure 
and the residue partitioned between chlorofonm and IN HCL The organic layer was 
10 washed with a 1:1 mixture of saturated sodium bicarbonate solution and water, and 
brine. The organic layer was isolated, dried (over magnesium sulphate) and 
concentrated under reduced pressure to give the title comoound as a white solid. 
RT2,71min, MH*448 




methvfpentanoate 



20 Prepared according to the process for Intermediate 5a), from intemiediate 2k). 

Intenmediate 37 terf-Butvl f2SV2-rf3SV3-ffffEV2-f5-chlorothien-2- 
vnethenvnsulfonvftaminoV"2-oxopvrrolidin-1-vn-4-methvlpentanoate 



25 Prepared according to the process for intermediate 35, from intermediate 36 and (E)- 
2-(5-chlorothien-2-yl)ethenesulfonyl chloride. 
MH* 477 
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Intermediate 38 (2SV2-r(3SV3-mfEV2-f5-chlorQthien-2-vl)ethenvnsulfonvllaminQV2- 
oxopvrrolidin-l-vn-4-methvlpentanoic acid 

Prepared according to the process for intennediate 3a), from intermediate 37. 
5 RT 3.24min, MH*421 

Intemiediate 39 f EV2-f 5-chlorotliien-2-vl VA/-/(3S)-1 -Fd S)-3-methvl-1 -rmQrDhQlin-4- 
vlcarbonvnbutvn-2-oxoDvrrolidin-3-vl>ethenesulfonamide 

10 Prepared according to the process for Intenmediate 4a), from intemnediate 38 and 
morpholine. 
RT 3.07, IVIH* 490 

Intennediate 40 Ethvl f1 EV2-f5-chlorothien-2-vn-3.3.3-trifluoroDroD-1--ene-1 -sulfonate 

15 

A solution of ethyl (diethoxyphosphoryl)methanesulfonate (606mg) was stirred in 
THF at -78°C. n-Butylllthium (2.8mmol) was added as a 1,6i\/l solution in hexanes 
and the mixture was stirred for 20 minutes. 2-Chloro-5-trifluoroacetylthiophene was 
then added as a 10ml THF solution. The mixture was stinned for a further 1 hour then 

20 was allowed to warm to room temperature. After partitioning between ethyl acetate 
and water, the organic portion was washed with brine, dried (sodium sulphate)and 
solvent evaporated in vacuo. Purification via silica gel chromatography 
(cyclohexane;ethyl acetate 50:1 to 19:1) gave the title comoound which eluted 
separately from the geometrical isomer. 

25 RT3.60min.MH*338 

Intennediate 41 Tetra n-butvlammonlum (1 E)-2-f5>chlorothien-2-vn-3.3.3- 
trlfluoroDroD'1 -ene-1 -sulfonate 

30 A solution of intennediate 40 (lOlmg) was stinred in acetone and was treated with 
tetra n-butylammonium iodide (117mg). The mixture was heated to reflux overnight, 
then solvent evaporated in vacuo to give the title compound . 
RT 3.50min 

35 Intennediate 42 (1EV2-f5-chlorothien-2-vn-3.3.3-trifluoroDroD-1-ene-1-sulfQnvl 
chloride 

Intennediate 41 (500mg) was treated with phosphorus oxychloride (3.6ml) and stirred 
at room temperature for 5 hours. The reaction was then evaporated in vacuo and 
40 azeotroped (x3) with toluene In vacuo. The crude product was purified via silica gel 
chromatography (cyclohexane) to give the title compound . 
RT3.83min, MH* 311 
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X OH 



X Br 



CX C=C 43 
X OH 44 



X SO3H 



5 



-X SO2CI 



Intermediate 43 5-Chloro*2-f2-Dropen-1-vl)pvridine 

2,5-DichIoropyridine (2.4g), allyltributyltin (6.03ml) and bis triphenylpfiosphine 
palladium dichloride (0.46g) were mixed in DIVIF (30ml) and heated to 70°C for 1.5 

10 hours, then to 90°C for 2.5 hours. The mixture was then cooled, concentrated to 
remove solvent, and partitioned between ethyl acetate and water (+ 5ml saturated 
aq. NaHCOa solution) and filtered through celite. The aqueous phase was re- 
extracted with ethyl acetate, then the organlcs were combined, and washed with 
water and brine, then dried over K2CO3. Solvent was evaporated under reduced 

15 pressure, and the crude product purified via silica chromatography (DCM) to give the : 
title compound . 
RT2.72min, MH*154 

Intermediate 44 3-f5-Chloro-2-pvridinvlV-1.2-propanediol 



Intermediate 43 (0.7g) was taken up in acetone (30ml), water (15ml) and t-BuOH 
(7.5ml)- N-methyl morpholine oxide (1.1 2g) was added followed by osmium tetroxide 
(0.5ml of a 2.5% solution In t-BuOH). The mixture was stirred at room temperature 
ovemight. Aqueous sodium metabisulphite (10% solution, 50ml) was added (mixture 
25 cooled with an external cold-water bath) and the mixture was stirred for 30 minutes, 
followed by extraction with DCM (1x100ml. 1x50ml). The organic portions were 
washed with brine, dried over K2CO3 and solvent evaporated in vacuo to give the title 
compound . 
RT1.74min 



Intermediate 45 2-f5-Chloro-2-pvridinvl)ethanol 

Intermediate 44 (0.33g) was taken up In THF (20ml) and sodium periodate (0.75g) 
was added as a 7ml aqueous solution. The mixture was stinred at room temperature 
35 for 2 hours, followed by partitioning of the mixture between water and diethyl ether. 
The organic portion was washed with brine, and then concentrated to approx. 10ml. 
THF (10ml) and water (4ml) were added, followed by sodium borohydride (0.1 32g) 
over 5 minutes. The mixture was stin-ed at room temperature for 90 minutes, then 
was diluted with water and diethyl ether and the mixture partitioned. The organic 



20 



30 
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portion was washed with brine, then dried over K2CO3, followed by solvent 
evaporation under reduced pressure. Purification via silica chromatography (ethyl 
acetate) gave the title connpound , 
RT 1.83min, MH* 158 

5 

Intermediate 46 2-(2-BromoethvlV5-chioropvridine 

Intemriediate 45 (0.25g) was taken up in 20ml concentrated aqueous HBr, and the 
mixture was heated to reflux for 4 hours. The mixture was then cooled, and 
10 concentrated under reduced pressure, then the residue was partitioned between 
ethyl acetate and sat. aq. NaHCOa. The organic layer was washed with brine, and 
dried over K2CO3. Solvent removal under reduced pressure gave the title compound . 
NMR (CDCI3) 5 3.32 (t. 2H), 3.76 (t, 2H), 7.17 (d, 1H), 7.62 (dd, 1H). 8.53 (d. 1H) 

15 Intermediate 47 2-(5-Chloro-2-pvridinvnethanesulfonlc acid 

Intermediate 46 (2,5g) was taken up in dioxane (15ml) and sodium sulphite (1.95g in 
50ml water) was added. The mixture was heated to reflux for 1.5 hours. The mixture 
was then concentrated to dryness under reduced pressure, and the residue 
20 partitioned between water and diethyl ether. To the aqueous layer was added 
ammonium formate buffer to 150ml. The mixture was then chromatographed on a 
lOg Sep-Pak column (wateracetonitrile 50:1 to 4:1). Removal of solvent under 
reduced pressure gave the title compound . 
RT2.20min. MH*222 

25 

Intenmediate 48 2"f5-Chloro-2"Pvridinvnethanesulfonvl chloride 

Intenmediate 47 (0.09g) was suspended in POCI3 (0.4ml). Phosphorus pentachloride 
(0.12g) was added, and the mixture was stinred at 60°C for 2 hours. After cooling, 
30 solvent was evaporated under reduced pressure to give the title compound which 
was used without further purification. 




R=sBu 51 
R=:MeO 52 



Intermediate 49 S-ff2-(4-Chlorophenvl V1 .3-dioxQlan-2"Vnmethvll ethanethioate 
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2-(Bromomethyl)-2-(4-chlorophenyl)-1.3-dioxolane (1.0g) was taken up in DMF 
(15ml) and added to a solution of potassium thioacetate (774mg) in DMF (45ml)- The 
reaction was stin-ed at 100^C ovemight, then concentrated to half volume. DCM and 
5 aqueous LiCI solution were added, and the organic layer separated and 
concentrated. Purification via silica chromatography (cyclohexaneiDCM 80:20 to 
100% DCM) to give the title compound . 
RT3.30min, MH*273 

1 0 Intemiediate 50 r2-(4-ChloroDhenvn-1 .3-dioxolan"2-vnmethanesulfonvl chloride 

Chlorine gas was passed through water (260ml) at 0°C to give a green solution. 
Intermediate 49 (660mg) was suspended in chloroform (6ml) and added to the 
chlorine solution. After stirring vigorously for 10 minutes, 100ml chloroform was 
15 added, and the mixture partitioned. Evaporation of solvent under vacuum gave the 
title compound , 
RT 3.29min 

Intemiediate 51 1-r2>f4-Chlorophenvl)-1.3-dioxolan-2-vn-AKr3S)-1-rnS,2S)-2- 
20 methvl-1"f4-morpholinvlcarbonvnbutvn-2"Oxo-3-Dvrrolidlnvllmethanesulfonamide 

Intemiediate 5c) (257mg), DMAP (30mg) and DIPEA (235ul) were stin-ed in 
acetonitrile (3ml) at 0°C. Intermediate 50 (300mg) was added in acetonitrile (1ml) 
and the mixture was stirred for 1 hour. Solvent was then evaporated under vacuum, 
25 the residue was taken up in DCM and purified via silica chromatography (ethyl 
acetate) to give the title compound . 
RT3.05min. MH*544 

Prepared in a similar fashion was: 

30 

Intermediate 52 1 -r2-f4-Chlorophenvn-1 .3-dioxolan-2-vlVA/-r(3SV1 4(1 SV1 - 
(methvloxv)-2-(4"morpholinvn-2-oxoethvn"2-oxO"3-pvrrolidinvllmethanesulfonamide 

From Intenmediate 5e) and Intermediate 50. 
35 RT 2.69min, MH* 532 




Intenmediate 52 2-f 5-Chloro-2-thienvl VI -propanol 
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2«Chloro-5-(1-methylethenyl)thlophene (2.29g) was added as a THF solution (12ml) 
to a solution of 9-BBN (0.5M) in THF (38ml) at room temperature. The mixture was 
then stirred for 18 hours at room temperature. The reaction mixture was then cx)oled 
to 0°C and aq. NaOH (ION, 1.9ml) was added, followed by careful addition of H2O2 
5 (4.6ml of 30% by weight In water) (HAZARD) in 1ml portions (keeping temperature 
below 20 °C). The reaction mixture was then cautiously heated to 50 °C for 2 hours, 
followed by cooling to 0°C. The reaction mixture was quenched carefully by addition 
of aq. NaaSOa (1.85g in 15ml). At this stage a negative peroxide test was obtained. 
Ethyl acetate (30ml) was added to the mixture, which was then partitioned, and the 
10 organic layer washed with brine, dried over Na2S04, and solvent evaporated under 
reduced pressure. Purification via Biotage™ chromatography (cyclohexane:ethyl 
acetate 1:1) gave the title compound . 
RT 2.88min 

15 Intermediate 53 2-f2-Bromo-1"methvlethvn-5-chlorothioDhene 

Intermediate 52 (I.Og) and PPha (1.65g) were taken up in dry THF (12ml) and the 
mixture was cooled to 0 °C under an inert atmosphere. Carbon tetrabromide (2.1 g) 
was added portionwise, the mixture was stinred for a further 15 minutes, then was 
20 allowed to warm to room temperature and was stinfBd for 18 hours. Cyclohexane 
(30ml) was added to the reaction mixture, which was stirred for 20 minutes then 
filtered. Solvent was evaporated under reduced pressure, and purification via SPE 
chromatography (cyclohexane) gave the title compound . 
RT 3.63min 

25 

Intemnediate 54 2-f5-ChlorO"2-thienvlV1 -prooanesulfonvl chloride 

Intermediate 53 (3.1 7g) was taken up In dioxan (25ml). NaaSOa (22.25g) in water 
(40ml) was added, and the mixture was heated to reflux for 18 hours. The reaction 

30 was then cooled and solvent evaporated under reduced pressure to yield the crude 
sodium sulfonate. This material was dried under reduced pressure, then taken up in 
POCI3 (15ml) and heated to 150°C for 2 hours. Solvent was removed under reduced 
pressure, and the residue partitioned between DCM and water. The organic layer 
was reduced under vacuum, then purified via silica chromatography (cyclohexane, 

35 followed by DCM) to give the title compound . 
RT 3.43min 




55 X OH 56 58 

VX Br 57 

Intenmediate 55 5-Chloro-1 -methvlidene-2,3-dihvdro-1 H-indene 
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Methyltriphenylphosphonium bromide (3.0g) was suspended in ether (15ml) at 20°C. 
Potassium t-butoxide (954mg) was added, followed by 5-chloro-1-indanone (1.29g). 
After stirring for 24 liours. ether (20ml) and cydohexane (50ml) were added, and the 
mixture was filtered. The filtrate was reduced under vacuum, and purified (Biotage™ 
5 chromatography, DCM:cyclohexane 20:80 to 50:50) to give the title compound . 

'H NMR (CDCI3) 5 2.78 (m, 2H). 2.97 (m. 2H), 5.05 (t. 1H), 5.43 (t, 1H), 7.16 (m, 1H). 
7.24 (br.s, 1H). 7.40 (d, 1H) 

10 Intermediate 56 (5-Chloro-2.3-dihvdrD-1 Aj^inden-1 -vDmethanol 

To Intemnediate 55 (510mg) in THF (4ml) was added 9-BBN (8ml of a 0.5M solution 
In hexane) dropwise. The mixture was stirred for 18 hours, then cooled to 0°C and 
ION NaOH (0.4mi) added. Hydrogen peroxide (1.3ml of a 30% aqueous solution) 

15 was then added (l<eeping temperature<30 •'C). The mixture was allowed to wann to 
room temperature, then was heated to 50°C for 2 hours. After cooling to room 
temperature, the mixture was quenched with sodium sulfite (1.5g in 15ml water) and 
stirred for 20 minutes. Partitioning between ethyl acetate and water followed by 
removal of organic solvent under vacuum gave the crude product. Purification via 

20 SPE chromatography (cyclohexane:ethyl acetate 4:1) gave the title compound. 
RT 2.98 

Intemnediate 57 1 -(Bromomethvl V5-chloro-2.3-dihvdro-1 H-indene 

25 Intemnediate 56 (51 8mg) was stfnred In DCM (14ml), and triphenylphosphlne (808mg) 
was added. The mixture was cooled to 0°C and carbon tetrabromide (1.02g) was 
added portionwise. After stirring for 20 minutes at O'C, the mixture was allowed to 
warm to room temperature, and stined for a further hour. Solvent was then removed 
under vacuum, and purification via Blotage™ chromatography (q^clohexane:DCM 

30 4: 1 ) gave the title compound . 

NMR (CDCI3) 5 2.00 (m, 1H), 2.40 (m, 1H), 2.88 (m, 1H). 2.95 (m, 1H). 3.47 (m, 
1H). 3.55 (m, 1H). 3.70 (dd. 1H), 7.20 (m, 3H) 

Intermediate 58 f5-Chloro-2.3-dihvdro-1 H-inden-l-vDmethanesulfonvl chloride 

35 

Intermediate 57 (522mg) was stinred In dioxan (4.5ml), and sodium sulfite (350mg in 
6ml water) was added. The mixture was then heated at reflux for 20 hours. Solvent 
was then removed under vacuum to give the crude sodium sulfonate, used without 
further purification. This was taken up in POCI3 (2.8ml) and heated to 140 °C. After 3 
40 hours, the mixture was cooled and the residue partitioned between water and DCM. 
The oi^anic layer was removed and solvent evaporated under vacuum. Purification 
via Blotage™ chromatography (cyclohexanerethyl acetate 4:1) gave the title 
compound , which was used directly. 
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X OH 59 61 
X Br 60 



Intermediate 59 (6-Chloro-2.3-dihvdrO"1-benzofuran-3-vnmethanol 

2-(2-amlno-4-chlorophenyl)-1,3-propanediol (700mg) was dissolved In a 3:1 mixture 
5 of water and concentrated sulphuric acid (15ml). The mixture was stirred vigorously 
and cooled to 0-5^C. Sodium nitrite (265mg) was added portlonwise over a 10 minute 
period. Stirring was continued for 10 minutes, then for 90 minutes warming to room 
temperature. The temperature was then raised to 50 °C over 10 minutes, and the 
mixture staYred for a further 15 minutes. After cooling to room temperature, the 
10 mixture was extracted with DCM (2x 30ml), the organic portions were combined and 
dried (Na2S04) and solvent evaporated under reduced pressure. Purification via SPE 
chromatography (cyclohexane: ethyl acetate 2:1) gave the title compound . 
RT 2.68min 

1 5 Intermediate 60 3-fBromomethvlV6"Chloro-2,3-dlhvdro-1-benzofuran 

Prepared according to the process for Intermediate 57 from Intermediate 59. 
Purification via SPE chromatography (cyclohexane: DCM 4:1) gave the title 
compound . 
20 RT 3.40min 

Intermediate 61 (6-Chloro->2,3<lihvdro-1 -benzofuran-3-vnmethanesulfonvl chloride 

Intermediate 60 (160mg) was stirred in dioxan (3ml). A solution of sodium sulphite 
25 (lOTmg) in water (4ml) was added and the mixture was heated to reflux overnight. 

After cooling to room temperature, solvent was evaporated under reduced pressure, 

and the residue azeotroped twice with dioxan to give the crude sodium sulphonate. 

This material was stirred in POCI3 (1ml) at 140°C for 3 hours, then allowed to cool 

and solvent evaporated under reduced pressure. Ice-water (10ml) was added, and 
30 the mixture was extracted with DCM (2x 15ml). The organic portions were dried 

(Na2S04), and solvent evaporated under reduced pressure to give the title 

compound . 

RT 3.35min 



15 



35 
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Intermediate 62 4-Chloro2"(chloromethvn-1-iodobenzene 

(5-Chloro-2-iodophenyl)methanol (2.9g) was taken up in dry DCM (30ml) and thionyl 
5 chloride (3ml). Pyridine (1 drop) was added and the mixture was heated to reflux 
ovemight. After cooling to room temperature, the mixture was cautiously quenched 
with water, then partitioned between water (40ml) and DCM (30ml). The organic 
portion was separated and solvent removed under reduced pressure. Purification via 
Biotage™ chromatography (cyclohexane:DCM 100:0 to 90:10) gave the trtle 
10 compound . 

NMR (CDCI3) 5 4.62 (s. 2H), 7.02 (dd, 1H), 7.49 (d, 1H). 7.78 (d, 1H) 



Intermediate 63 5-Chloro-1 ,3-dihvdro-2-benzofiiran-1 -vl)methvnoxv)f 1.1- 

dimethvlethvndimethvlsilane 



4-Chloro-2-(chloromethyl)-1-iodobenzene (lOOmg) was stirred in dry THF (2ml) at 
room temperature under an inert atmosphere. Isopropylmagnesium bromide (1.15 
equivalents) was added as a THF solution, and stirring was continued for 2 hours. 
{[(1,1-dimethylethyl)(dimethyl)silyl]oxy}acetaldehyde (1.2 equivalents) was added 

20 and the mixture was then heated to reflux ovemight The mixture was then 
partitioned between ethyl acetate and sat. aq. NaCI, and the organic phase dried 
over Na2S04. After evaporation of solvent under reduced pressure, purification via 
SPE chromatography (cyclohexane, then cyclohexane: ethyl acetate 25:1) gave the 
title compound . 

25 RT 4.04 MH^ 299 

Intermediate 64 f5-Chloro-1 ,3"dihvdro-2"benzofuran-1 -vDmethanol 

Intermediate 63 (160mg) was taken up in dry THF (5ml). TBAF (1ml of 1M solution 
30 in THF containing 5% water) was added and the mixture was stirred for 1 hour. The 
reaction mixture was then partitioned between ethyl acetate and water, and the 
organic phase dried (Na2S04) and solvent removed in vacuo. Purification via SPE 
chromatography (cyclohexane: ethyl acetate 1:2) gave the title compound . 
RT 2.37min 



Intermediate 65 1 -(BromomethvlVS-chloro-l .3-dihvdro-2-benzofuran 
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Prepared according to the process for Intermediate 57 finom Intermediate 64. 
Purification via SPE chromatography ((^dohexaneiDCM 3:1) gave the title 
compound . 

5 

RT3.18min 

Intermediate 66 f5-Chloro-1 .3-dihvdro-2-ben2ofuran-1-vl)methanesulfonvl chloride 

Prepared according to the procedure for Intennediate 61 fi'om Intermediate 65. 
10 RT3.28min 

NHBoc 
O 



NHBoc 



NHBoc 



12 



EtO 



13 
R=EtSCH2 



k) 4-tetrahydropyranyl J) Ethylthiomethyl 
I) Phenyl m) 4-Fluorophenyl 
n)1,3-Thiazol^ylmethyl p)2-Thieny! 



H 



NH, 



0=c 



Intermediate 12k) 1 . 1 -Dimethvlethvl r2-f4-moroholinvn-2-oxo1 -ftetrahvdro-2H> 

Pvran-4-vl)ethvncarbamate 

15 Prepared from ({[(1 ,1-dimethylethyl)oxy]carbonyl}amino)(tetrahydro-2H-pyran-4- 
yl)acetic acid according to the method for Intennediate 11. 
RT 2.23min, MH* 329 



20 



Also prepared in the same manner were: 



Intermediate 12j) 1 .1-Dimethvlethvl FM RV1-rfethvlthio)methvn-2-f4-moroholinvlV-2- 
oxoethvllcarbamate 
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From AH[(1 . 1 -dimethylethyI)oxy]carbonyl}-S-ethyl-L-cystelne 
RT2.62mln. MH* 319 

5 Intermediate 121) 1 .1-Dimethvlethvl rMSV2-f4-morDholinvl)-2-oxo-1- 
phenvlethvllcarbamate 

From (2S)-({[(1 ,1-dlmethylethyl)oxy]carbonyl}amino)(phenyl)acetlG add 
RT 2.73mln, MH* 321 

10 

Intermediate 12m) 1 . 1 -Dimetlivlethvl m SV1 -rf4-fluoroDhenvnmethvn-2-f4- 
moroholinvl)-2-oxoethvncarbamate 

From AH[(1 ,1-dimethy!ethyl)oxy]carbonyl}-4-fluoro-L-phenylalanine. 
1 5 RT 2.85min, MH* 353 

Intermediate 12n) 1 . 1 -Dimethvlethvl U 1 SV2-f4-morDholinvh-2-oxo-1 -f 1 .3-thiazol-4- 
vlmethvnethvllcarbamate 

20 From ,1 -dlmethylethyl)oxy]carbonyl}-3-(1 .3-thlazol-4-yl)-L-alanine. 
RT2.28mln, MH*342 

Intennediate 12p) 1 . 1 -Dimethvlethvl ff 1 /?V2-f4-morDholinvl V2-oxo-1 -(2- 

thienvDethvncarbamate 

25 

From (2/?)-({[(1,1-dimethylethyl)oxy]cart)onyl}amino)(2-thienyl)acetic add 
RT 2.75min, MH* 327 

Intermediate 13k) 2-f4-MorpholinvlV-2-oxo-1-ftetrahvdro-2H-Dvran-4-vhethanamine 

30 

Prepared from Intemiediate 12k) acoording to the method for Intemiedlate 5f). 
RT 0.54min, MH* 229 

Also prepared in the same manner were: 

35 

Intemnediate 1 31) f2/?>-3-f Ethvlthio)-1-f4-moroholinvlV1 -oxo-2-Dropanamine 

From Intemnediate 12j) 
RT0.94min. MH*219 

40 

Intermediate 1 3I H1 SV2-f4-Monahollnvn-2-oxo-1 -ohenvlethanamine 
From Intemriediate 121) 
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RT1.18min. MH* 221 

Intermediate 1 3m) (2SV3-f4-FluQrQDhenvl V1 -f4-morpholinvl V1 -oxo-2-propanamine 

5 From Intermediate 12m) 
RT1.66min. MH* 252 

Intenmediate 1 3n) (2SV1 -(4-MQrDhQlinvn-1-oxo-3-n ,3-thlazol-4-vn-2-DroDanamine 

10 From Intermediate 12n) 
RT O.eSmin, MH"^ 242 

Intemnediate 1 3d) ( 1 ffl-2-(4-MoroholinvlV2-oxo-1 -(241iienvnethanamine 

15 From Intennediate 12p) 
RT 0.90min, MH* 227 




67 68 

Intenmediate 67 Ethvl (2S)-4-chloro-2-fff2-f5-chloro-2- 

20 thienvl)ethvnsulfonvl)amino)butanoate 

Prepared from ethyl (2S)-2-amino-4-chlorobutanoate hydrochloride and Intermediate 
15 according to the method for preparation of Example 15. 
RT 3.45min, MH* 375 

25 

Intermediate 68 Ethvl f2S)-2-affE)-2-f5>chloro-2-thienvl)ethvnsulfonvl)amino)-4- 
iodobutanoate 

Intenmediate 67 (570mg) was taken up in acetone (3ml) and sodium Iodide (900mg) 
30 was added to the solution. The mixture was heated to 80°C for 6 hours, then cooled 
and filtered, and the filtrate evaporated under reduced pressure, to give the title 
compound (plus approx. 15% starting material). 

RT3.44min, MH* 465 



35 Intenmediate 9k) 1,1-Dimethvlethvl ff3S)-1-r2-(4-morohollnvl)-2-oxo-1-ftetrahvdro2H- 
pvran-4-vl)ethvn-2-oxo-3-pvrrolidinvl>carbamate 
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Prepared in a similar manner to Intenmedfate 9f) from Intemiediate 13k). 
RT2.40min, MH'^412 

Also prepared in the same manner were: 

5 

Intemiediate 91) 1 .1-Dimethvlethvl lf3S)-1-rriS)-2-r4-moroholinvlV2-oxo-1- 
phenvlethvn-2-oxo-3-Dvrrolldinvl)carbamate 

From Intermediate 131). 
10 RT 2.64min, MH* 404 

Intermediate 9m) 1 . 1 -Dimethvlethvl l(3SV1 -Ff 1 SV1 -f f4-fluoroDhenvnmethvn-2-r4- 
morDholinvn-2-oxoethvn-2-oxo-3-Dvrrolidinvl!carbamate 

15 From Intermediate 13m), 
RT 2.79min. MH* 436 

Intermediate 9n) 1 .1 -Dimethvlethvl ((3S)-^ -\n SV-2-(4-morpholinvn-2-oxo-1 -M .3- 
thlazol-4-vlmethvnethvn-2-oxo-3-Dvrrolidinvl>carbamate 

20 

From Intermediate 13n) 
RT 2.30mln, MH* 425 

Intemiediate 9p) 1 . 1 -Dimethvlethvl ((3SV1 -Ff 1 ffl-2-f4-mon3ho!invl)-2-oxo-1 -f2- 
25 thlenvnethvn-2-oxo-3-Dvnrolldinvncarbamate 

From Intermediate 13p). 
RTZeOmin. MH*410 

30 Intemiediate 5k) f 3S)-3-Amino-1 -r2-f4-moroholinvl V2-oxo-1 -ftetrahvdro-2AjLDvran-4- 
vnethvn-2-pvrrolMinone hydrochloride 

Prepared acxxjrding to the procedure for Intennediate 5f) from Intemiediate 9k). 
RT 1.02min, MH*312 

35 

Prepared in a similar manner were: 

Intermediate 51) f 3S)-3-Amino-1 -Ff 1 SV2-f4-morDholinvn-2-oxo-1 -Dhenvlethvn-2- 
pvrrolidinone hydrochloride 
40 From Intermediate 91). 
RT1.83mln. MH*304 
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Intermediate 5m) (3SV3-Amino-1-r(1S)-1-rf4-fluorophenvnmethvn-2-f4-morDholinvlV 
2"OXoethvn-2-DviTolidinone hydrochloride 

From Intermediate 9m). 
RT1.97min, MH* 336 

Intermediate 5n) f3SV3-Amino-1-rnSV2-f4-morDholinvlV2-oxQ-1-f1,3-thiazol-4- 
vimethvnethvn-2-pvrrolidinone hydrochloride 

From Intermediate 9n). 
RT1.50mln, MH* 325 

Intermediate 5p) (3SV3-Amino-1 -rr 1 f?V2-(4-moroholinyn-2-oxo-1 -f2-thienynethvn-2- 
pyrrolldinone hydrochloride 

From Intermediate 9p). 
RT1.70min, MH*310 




Intermediate 69 (3S)-3-rf 3S)-3-flf ( 1 . 1 -Dlmethylethynoxv1carbonyl)amino)-2-oxo-1 - 
pyrrolldinvn-4"f4-morphollnvn-4-oxobutanoic add 

Intemnediate 9h) (5.0g) was taken up in acetic acid {75ml), and was hydrogenated at 
atmospheric pressure and temperature oyer 10% Pd/C (500mg, 50%wt H2O) for 2 
hours. The mixture was filtered through Ceiite, which was washed with acetic acid. 
The filtrate was evaporated under reduced pressure, then co-eyaporated three times 
with toluene (50ml) to giye the title compound . 
RT2.18min, MH* 386 

Intermediate 70 1 . 1 -Dimethylethyl {(3S)-1 -Ffl SV3-amino-1 -(4-morpholinylcarbonyh-3- 
oxopropyn-2-oxa-3-pyrrolidinyl>carbamate 
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Intermediate 69 (0.5g), TBTU (0.5g) and DIPEA (0.44ml) were stin^ed together in dry 
DMF (8ml)at room temperature. After 5 minutes, 2M metlianolic NH3 (1ml) was 
added, and the mixture was stirred for a further 2 hours. 4g of MP-carbonate 
scavenger resin (Argonaut) was added sequentially, and the mixture was stirred for a 
5 further 2 hours. The mixture was then filtered, and solvent evaporated under reduced 
pressure. Purification via SPE chromatography (DCMrMeOH 20:1 to 10:1) gave the 
title compound . 
RTZOemin, IVIH* 385 

10 Intermediate 71 1 . 1 -Dimethvlethvl l(3SV1 -Ff 1 SV1 -(cvanomethvlV2-f4-moroholinvl V2- 
oxoethvn-2-oxo-3-Dvrrolidinvl)carbamate 

Intemnedlate 70 (350mg) was stirred in dry THF (3.5ml) at 0°C under inert 
atmosphere. Triethylamine (0.38ml) was added, followed by dropwise addition of 

15 trifluoroacetic anhydride (0.19ml). After stimng for 5 minutes, the mixture was 
allowed to warm to room temperature, and was stirred for a further hour. A further 
portion of triethylamine (0.127 ml) and trifluoroacetic anhydride (0.064ml) were 
added, and stirring continued for 1 hour. The mixture was then partitioned between 
ethyl acetate and sat. aq. NaHCOa, and the organic portion dried (Na2S04), then 

20 solvent evaporated under reduced pressure. Purification via SPE chromatography 
gave the title compound . 
RT 2.28min, MH* 367 

Intemnedlate 72 (3S)-3-[(3S)-3-Amino-2-oxo-1-pvrrolidinvlM-f4-morpholinvl)-4- 
25 oxobutanenitrile hvdrochloride 

Prepared according to the procedure for Intermediate 5e) from Intermediate 71 . This 
gave the title compound as a 7:3 mixture with the corresponding primary amide. 
RT 0.38min, MH* 267 (plus MH* 285 co-eluting, representing the amide side- 
30 product). 



HO. 




Example 46 



Intermediate 73 f3S)-3-rf3SV3-ar2-(5-Chloro-2"thienvnethvnsulfonvllamino)-2-oxo-1- 
DvrrolidinvlM-f4-morpholinvn-4-oxobutanamide 

35 
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Example 46 (850mg) and TBTU (1.1 05g) were stirred in dry DMF (25ml) at room 
temperature. DIPEA (0.6ml) was added, followed by 2M ammonia in methanol and 
the mixture was stirred for 4 hours. After quenching with sat. aq.NH4Ci solution 
(25ml), the mixture was partitioned between ethyl acetate (50ml) and water (25ml). 
5 The aqueous phase was further extracted with 3x ethyl acetate, and the combined 
organic phases washed sequentially with 2N NaaCOa solution, 1N HCI solution and 
water. Evaporation of the organic solvent under vacuum gave the crude product 
which was purified via SPE chromatography (DCMiMeOH 50:1 to 10:1) to give the 
title compound . 
10 RT 2.51 mIn.MH* 493 



Intermediate 74 (3S)-3-r(3SV3-ar2-(5-Chloro-2-thienvnethvnsulfonvl>amino)-2-oxo-1- 
pvrrolidinvn-A/-fnE)-(dimethvlamino)methvlidene1"4-(4-morpholinvn-4-oxobutanamide 

15 Intenmediate 73 (lOOmg) was stirred with dimethylfonmamide dimethyl acetal (2ml) 
and heated to 60°C. DMF (0.1ml) was added to aid dissolution. After 3 hours, solvent 
was evaporated under vacuum to give the title compound . 
RT 2.37min, MH* 548 



20 In a similar manner was prepared: 



Intermediate 75 (3SV3-r(3SV3-(ff2-(5-Chloro-2-thienvnethvnsulfonvl)aminoV2-oxo-1-- 
pvrrol!dinvn-A/4nZV1-(dimethvlamino)ethvlldene1-4-(4-morpholinvl)"4-oxobutanamide 

25 From Intermediate 73 and dimethylacetamide dimethyl acetal. Isolated as a mixture 
with (3S)-3-{(3S)-3-[{[2-(5-chloro-2-thienyl)ethyl]sulfonyl}(methyl)aminol-2-oxo-1- 
pyrrolidinyl}-A/-[(1£)-(dimethylamino)methylidene]-4-(4-morpholinyl)-4- 
oxobutanamide 



30 RT 2.33min, MH* 562 (+RT 2.46mln, MH* 576) 



NHBoc 



^^NHBoc JMHBoc .NKj-HCI 

0 0 0 0 

70 76 77 78 

35 Intermediate 76 1.1-Dimethvlethvl l(3S)-1-r(1S)-3-irfia-1- 

fdimethvlamino)ethvlidene1aminoV1-(4-morpholinvlcarbonvlV3-oxopropvn-2-oxo-3- 
pvrrolidinvllcarbamate 
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Intermediate 70 (500mg) was taken up in 0.3ml of DMF, and N,N-d!methylacetamide 
dimethyiacetal (3ml) was added. The reaction was stirred at room temperature for 3 
hours, then heated to 40 °C for 90 minutes. Evaporation of solvent under reduced 
5 pressure gave the title compound . 
RT1.99min. MH*454 

Intemiedlate 77 1 . 1 -DImethvlethvl ((3S^-^ -fH SV1 -rf3-methvl-1 .2.4-oxadlazol-5- 
vl)methvn-2-(4-moroholinvlV-2-oxoethvn-2-oxo-3-pvrrolidinvl)carbamate 



Prepared according to the procedure for Example 79 from Intemiediate 76 and 
hydroxylamine hydrochloride. Purification via SPE chromatography (DCM.MeOH 
15:1) gave the title compound . 
RT2.36min, MH*424 

15 

Intemiediate 78 (3S)-3-Amino-1 -FH SV1 -r(3-methv!-1 ■2.4-oxadiazol-5-vl)methvn-2-f4- 
morpholinvn-2-oxoethvn-2-Pvrrolidinone hvdrochloride 

Prepared according to the procedure for 5e) from Intemiediate 77. 
20 RTI.IOmin, MH*324 



Intemnedlate 79 IVIethvl A/-frf1.1-dimethvlethvlk>xv1carbonvlVQ-M-methvlethvlVL- 



25 1-(1,1-Dimethylethyl) 2-methyl (2S)-1,2-azlridinedicarboxylate (2.0g) was taken up in 
a mixture of chloroform (30ml) and isopropanol (35ml). BF3 etherate (6 drops) was 
added and the resulting solution was stinned at room temperature for 20 hours. 
Solvent was evaporated under vacuum and the crude product purified via SPE 
chromatography (cydohexane: ethyl acetate 6:1) to give the titie compound . 



10 





79 80 
NHBoc 



12q 



serinate 
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NMR (CDCI3) 5 1.12 (m. 6H). 1.45 (s. 9H), 3.55 (m. 1H), 3.63 (dd, 1H), 3.76 (s. 
3H). 3.83 (dd. 1H), 4.4 (m, 1H), 5.36 (broad d. 1H) 

Intermediate 80 N-^U^ . 1 -DimethvlethvDoxvlcarbonvlVCM 1 -methvlethvl)-L-serine 

5 

Intermediate 79 (1.5g) was talcen up in THF (15ml) and treated with water (7.5ml) 
and 2N NaOH (3.45ml). The resulting mixture was stirred for 2 hours, then acidified 
to pH 1-2 with 2N HCI. The mixture was extracted with ethyl acetate (2x 25mi), the 
organics were combined and washed vtdth brine (10mi). Solvent was evaporated 
1 0 under vacuum to give the title compound . 
RT 2.62min. MH* 248 

Intermediate 12q 1 . 1 -Dimethviethvl ff 1 S)-1 4 Fd -methvlethvnoxv1methvlV2-f4- 
morDholinvl)-2-oxoethvncarbamate 

15 

Prepared in a similar fashion to Intermediate 9e) from Intermediate 80 and 
morpholine. 

NMR (CDCis) 5 1.12 (t, 6H). 1.43 (s, 9H), 3.45 (t. 1H). 3.50-3.75 (m. 9H), 3.80 (br. 
d. 1H).4.75(m. 1H) 

20 

Intennediate 13q) (2S\-3-f( 1 -Methvlethvitoxv1-1 -f4-moroholinviV-1 -oxo-2- 
propanamine 

Prepared in a similar fashion to Intermediate 5e) firom Intermediate 12q). 
25 RT1.02min, MH*217 

Intennediate 81 1 . 1 -Dimethviethvl m S)-1 S)-1 -f Fd -methviethvnoxv1methvlV-2-f4- 
mon3holinvl)-2-oxoethvnaminotoarbonvlV3-fmethvlthio)propvncarbanf)ate 

30 Prepared in a similar fashion to Intermediate 6 from Intermediate 13q) and Boo-L- 
methionine. 
RT 2.70min. IVIH* 448 

Intermediate 9q) 1 . 1 -Dimethviethvl ^(3Sy^ -ff 1 SV1 -iUI -methvlethvnoxv1methvlV-2-(4- 
35 morpholinvl)-2-oxoethvn-2-0)«)-3-Dvmoiidinvllcarbamate 

Prepared in a similar fashion to Intermediate 7 from Intermediate 81. 
RT2.46min. MH*400 



40 Intennediate 5q) f 3S)-3-Amino-1 -f ( 1 SV1 -fU 1 -methvlethvl)oxv1methvlV2-f4- 
morpholinvlV-2-oxoethvn-2-pvrrolidinone 
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Prepared in a similar fasliion to Intermediate 5e), from intermediate 9q). Purification 
via sex column (eluting with methanolic ammonia) provided the title compound as 
the free base. 
RT1.63min, MH* 300 



Intermediate 12r) 1 . 1 -Dimethvlethvl r( 1 SV1 -r(ethvloxv)methvn-2-f4-morpholinvlV2- 
oxoethvncarbamate 

A/-{[(1,1-Dimethylethyl)oxy]carbonyl}-0-ethylserine (3,89g) in dry DCM (100ml) was 
10 cooled to 4°C under an inert atmosphere. Morpholine (2.61ml) and DIPEA (5,21ml) 

were added, and the mixture was stirred for 5 minutes. TBTU (9.64g) was then 

added in portions over 10 minutes. After stining for a further 15 minutes, the mixture 

was then allowed to warm to room temperature and stinred for a further 12 hours. 

The reaction was extracted with sat aq. NaHCOs (75ml) and the aqueous layer 
15 washed with DCM (50ml). The organics were combined, dried (Na2S04) and solvent 

evaporated under reduced pressure. Purification via SPE chromatography (ethyl 

acetate) gave the title compound . 

RT 2.36mln, MH* 303 

20 Intermediate 12s) 1 , 1 -Dimethvlethvl Tf 1 SV3-(methvloxv)-1 -(4- 

morDholinvlcarbonvDoropvllcarbamate 

Prepared according to the procedure for Intemnediate 12r) from A/-{[(1,1- 
dimethylethyl)oxy]carbonyl}-0-methylhomoserine 
25 RT 2.26mln, MH* 203 




^^NHBoc 




83.84 



r) RsCHaOEt 

8) R^CHaCHaOMe 



Intermediate 1 3r) f( 1 S)-1 -r(Ethvloxv)methvn-2-(4-morpholinvn-2-oxoethvnamine 
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Prepared from Intermediate 12r) according to the procedure for intenmediate 5f). 
RT 0.38min, MH* 203 

Intemiediate 13s) f2S)-4-fMethvloxv^1-r4-morpholinvlV-1-o)«>-2-butanamin6 

5 

Prepared from Intemiediate 12s) according to the procedure for Intenmediate 5f), 
using ethyl acetate as solvent. 

RT 0.42min, MH* 203 

10 Intemiediate 83 1.1-Dimethvlethvl rnSV1-ffff1S)-1-rfethvloxv^methvn-2-f4- 
morDhollnvn-2-oxoethvnaminolcarbonvlV3-(methvlthio)oropvncarbamate 

Prepared In a similar fashion to Intemiediate 6 from Intermediate 13r) and Boc-L- 
methionlne. 
15 RT 2.56mln, MH* 434 

Intermediate 84 1 .1-Dlmethviethvl SV1-arf 1 SV3-(methvloxvV1-f4- 

morpholinvlcarbonvl)propvnaminolcarbonvl)-3-(methvlthio)propvncarbamate 

20 Prepared in a similar fashion to Intemnediate 6 from Intemnediate 13s) and Boc-L- 
methionine. 
RT 2.46min, MH* 434 

Intermediate 9r) 1 . 1 -Dimethvlethvi U3S)-1 -U1 SV1 -r(ethvloxv)methvn-2-f4- 
25 moroholinvlV-2-oxoethvn-2-oxo-3-pvrrolidinvl)carbamate 

Prepared in a similar fashion to Intermediate 7 from Intermediate 83. Purification via 
SPE chromatography (ethyl acetate) gave the title compound as a single isomer. 
RT 2.35min. MH* 386 

30 

Intermediate 9s) 1 . 1 -Dimethvlethvi If 3S)-1 -fd SV3-(methvloxvV1 -f4- 

moroholinvlcarbonvnpropvn-2-oxo-3-pvrrolidlnvllcarbamate 

Prepared in a similar fashion to Intermediate 7 from Intemiediate 84. Purification via 
35 SPE chromatography (ethyl acetate to ethyl acetate:MeOH 5:1) gave the title 
compound as a single Isomer. 
RT 2.26min, MH* 386 

Intemiediate 5r) (3S)-3-Amino-1 -Fd SV1 -Ff ethvloxv)methvn-2-f4-moroholinv»-2- 
40 oxoethvn-2-pvrrolldinone hydrochloride 

Prepared in a similar fashion to Intennedlate 5e), from Intemnediate 9r). 
RT1.26min, MH* 286 
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Intermediate 5s) (3SV3-Am!no1 -Ff 1 SV3-rmethvlQxvV1 -(4- 

moroholinvlcarbonvl)Dropvn-2-Dvrrolidinone 

Prepared in a similar fashion to Intermediate 5f), from Intenmediate 9s). 
RT 0.98min, MH* 286 




Intennediate 12t) 1 .1-Dimethvlethvl Tf 1 SV2-f4-mon3holinvlV2-oxo-1^f4- 
pvridtnvlmethvhethvncarbamate 

To a suspension of Boc-3-(4-pyridyl)-L-alanine (0.5g) in DCM (20ml) at 0°C was 
added morpholine (0.245g) and DIPEA (0.49ml). TBTU (0.9g) was then added 
portlonwise over 10 minutes. The mixture was stinted for 30 minutes at 0°C then was 
allowed to warm to room temperature and was stirred ovemlght. The crude product 
was then purified via SPE chromatography (ethyl acetateilVleOH 15:1). Following 
solvent removal under vacuum, the residue was taken up in ethyl acetate (50ml) and 
washed sequentially with sat. aq. NaHCOa. water and brine. Evaporation of solvent 
under vacuum gave the title compound . 
RT1.82min, MH* 336 

In a similar manner was prepared: 

Intermediate 12u) 1 .1-Dimethvlethvl \(1 S)-2-f4>morpholinvlV2-oxo-1-f3- 
pvridinvlmethvnethvncarbamate 

From Boc-3-(3-pyridyl)-L-alanine and morpholine. 
RT1.95min, MH* 336 



Intenmediate 13t) r(1SV2-f4>Morpholinvn-2-oxo-1-f4-pvridinvlmethvnethvnamine 
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Intermediate 12t) (0.54g) in ethyl acetate (10 ml) was stinred at room temperature 
and treated with 4M HCI in dioxan (2.4ml). A further 10ml dioxan and 15ml methanol 
was added, and the mixture was stirred overnight. Solvent was then evaporated 
5 under vacuum. The residue was taken up in 20mt methanol and purified via SCX 
column (eluting with methanol, then 2M ammonia in methanol). Evaporation of 
solvent under vacuum gave the title compound . 
RT0.42min, MH*236 

10 In a similar manner was prepared: 

Intermediate 13u) r(1 S)"2-(4-MorDholinvl V-2-oxo-l -O-ovridinvlmethvDethvnamine 

From Intermediate 12u) 
15 RT1.95min, MH*336 

Intermediate 9t) 1 . 1 -Dimethvlethvl U3SV1 -fM SV2-(4-morpholinvl V2-oxo-1 -(4- 
pvridinvlmethvl)ethvn-2-oxo-3-pvrrolidinvl>carbamate 

20 Intenmediate 13t) (84mg) in DCM (2ml) was treated with powdered 3A molecular 
sieves (200mg) and a solution of 2-tert-butoxycarbonylamino-4-oxo-butyric acid 
benzyl ester (fOOmg) in DCM (3ml). After stirring at room temperature for 40 
minutes, acetic acid (0.12ml) was added, followed by sodium triacetoxyborohydride 
(90mg). After stirring for 4 days, the mixture was purified via SPE chromatography 

25 (ethyl acetateimethanol 5: 1 ) to give the title compound . 
RT1.92min, MH*419 

In a similar manner was prepared: 

30 Intemiediate 9u) 1.1 -Dimethvlethvl ff3SV1-rMSV2-f4-morohollnvn-2-oxo-1-f3- 
pvridinvlmethvnethvn-2-oxo-3-pvrrolidinvllcarbamate 

From Intemiediate 13u) and 2-tert-butoxycarbonylamino-4-oxo-butyric acid benzyl 
ester. 

35 RT1.98mln, MH*419 

Intemiediate 5t) f 3S)-3'-Amino-1 -U1 SV2-f4-morpholinvlV2-oxo-1 -f4- 

pvridinvlmethvl)ethvn-2-pvrrolidinone dihvdrochloride 

40 To a solution of Intermediate 9t) (100mg) in DCM (2ml) was added 4M HCI in dioxan 
(0.36ml). The mixture was stirred overnight at room temperature. Solvent was then 
evaporated under vacuum to give the title compound . 
RT0.42min, MH* 319 
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In a similar manner was prepared: 

Intermediate 5u) (3S)-3-Amino->1-rf1SV2-f4-morohQlinvlV2-oxo-1-f3- 
Pvridinvlmethvl)ethvn-2-pvn-olidinone dihydrochloride 

From Intermediate 9u) 
RT0.38min, MH* 319 



^NHBoc 




COgH 






9v) 



Intemiediate 12v) 1 ,1-Dimethvlethvl r2-f4-morphollnvlV2-oxo-1-f3- 
pvridinvhethvncarbamate 

3-Pyridylglydne (0.59g) was taken up In dry DCM (10ml) at room temperature, and 
treated with triethylamine (0.65ml) and a solution of df-t-butyl dicarbonate (1.01g) in 
dry DCM (10ml). The mixture was then stirred for 18 hours at room temperature. A 
further portion of triethylamine (0.65ml) was added followed by dry DMF (20ml). After 
2.5hours, morpholine (1.0ml) was added and the reaction mixture was cooled to 0°C. 
TBTU (2.5g) was added in portions over 5 minutes and the mixture was stirred for 30 
minutes, then allowed to wami to room temperature and stirred for 18 hours. The 
mixture was then evaporated to dryness under reduced pressure, and the residue 
partitioned between ethyl acetate and sat aq. NaHCOa. The organic layer was dried 
(Na2S04), filtered and solvent evaporated under reduced pressure. Purification via 
SPE chromatography (ethyl acetate) gave the title compound . 
RT2.09mln, MH* 322 



Intermediate 13v) 2-(4-Moroholinvn-2-oxo-1-r3-pvridlnvnethanamine 

Prepared according to the procedure for 5e) from Intermediate 12v). 
RT0.38mln, MH* 222 

Intermediate 9v) 1.1-Dimethvlethvl ff3SV1-r2-f4-moroholinvn-2-oxQ-1-f3- 
Pvridinvnet hvn"2-oxo-3-pvnroHdinvl>cari3amate 



Prepared according to the procedure for Intemiediate 9t) from Intermediate 13v) and 
2-tert-butoxycarbonylamino-4-oxo>butyric acid benzyl ester. 
RT2.14min, MH* 405 
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NHBoc ^NHBoc NHBoc mh 



O 
O 



0 0 0 0 

r X=0 85 Qj 9w. X, y . 5w, x, y 

^X=H286 . > .y 



Intermediate 85 f3SV3-r(3SV3-mf 1 .1 -Dimethvlethvnoxv1cartx)nvnaminoV2-oxo-1- 
PViTolidinvn-4-(4-nnoroholinvn-4-oxobutanoic acid 

5 

Intermediate 9h) (5.0g) was tal<en up in glacial acetic acid (75ml) and hydrogenated 
at room temperature and atmospheric pressure over 10% Palladium/Carbon (500mg 
of 50% w/w H2O) for 2 hours. The catalyst was removed by filtration through cellte, 
and solvent evaporated under vacuum. The residue was taken up in toluene (50ml) 
1 0 and evaporated under vacuum to give the title compound . 
RT2.18mIn, MH*386 



Intermediate 86 1.1-Dimethvlethvl ((3S\-^ -FM SV3-hvdroxv-1 -^4- 

moroholinvlcarb onvhpropvn-2-oxo-3-PVffolidinvlkarbamate 

15 

Intemnediate 85 (193mg) was stin-ed at -15 °C in dry THF (0.5ml). N- 
methylmorphollne (55ul) was added, followed by dropwise addition of isobutyl 
chloroformate (66ul). Stirring was continued at -15 for 10 minutes. Dry THF (3ml) 
was added, followed by a solution of sodium borohydride (48mg) in water (0.5ml). 

20 After stirring for a further 20 minutes, the mixture was allowed to warm to room 
temperature, and was stirred for a further 45 minutes. The mixture was then 
partitioned between ethyl acetate and water. The aqueous layer was saturated with 
sodium chloride and further extracted with ethyl acetate. The combined organic 
portions were washed with 10% aqueous citric acid solution, followed by sat. aq. 

25 NaHCOa solution. Evaporation of the organic portion under vacuum gave the crude 
product. Purification via SPE chromatography (DCI\/l:MeOH 20:1) gave the title 
compound . 
RT2.11min, MH* 372 



30 Intermediate 87 1 . 1 -Dimethvlethvl ff3SV1 -Fd SV1-f4-moroholinvlcartK)nvn-3- 
oxopropvn-2-oxo-3-pvrrolidinvl>carbamate 

Intermediate 86 (928mg) was dissolved In a mixture of dry DCM (20ml) and dry 
Acetonitrile (30ml). 4-Methylmorpholine-oxlde (439mg) was added, followed by dried 
35 powdered molecular sieves (3A, 1.4g) and TRAP (44mg). The mixtur© was stirred at 
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room temperature for 4 hours, then solvent evaporated under vacuum. The residue 
was purified via SPE chromatography (DCMilVleOH 20:1-10:1) to give the title 
compound. This was used without further characterisation to prepare intennediates 
9w), 9x). and 9y). 

Intennedlate 9w) 1.1-Dimethvlethvl fr3S)-1-rf1SV-3-rdimethvlaminoV1-f4- 
mon3holi nvlcarbonvnDroDvn-2-oxo-3-Dvn-olldinvl)carbamate 

Intenfnediate 87 (265mg) was dissolved In dry DCM (8ml). DImethylamine (38mg, 
0.47ml of a 2M THF solution) was added followed by dried molecular sieves (3A, 
0.4g). After stining for 1 hour, glacial acetic acid (0.2ml) and sodium 
triacetoxyborohydride (200mg) were added. After stimng for a further 3 hours, the 
mixture was filtered and solvent reduced under vacuum. The residue was taken up in 
methanol and purified via SCX Ion exchange cartridge eluting with 2M ammonia In 
methanol to give the title compound . i 
RT1.88min, MH*399 

In a similar fashion were prepared: 

Intermediate 9x) 1.1-Dimethvl ethvl fr3SV1-rnSV1-f4^mQrohollnvlcart3Qnvn-3-M- 
DiDeridinv nproDvn-2-oxo-3-pvrrolidinvl)carbamate 
From intermediate 87 and piperidine. 
RT1.94min, MH*439 

Intermediate 9y) 1 .1-Dlmethvl ethvl f OSVI-Tf 1 SV3-r4-morohollnviV1-f4- 
mon3holinvlcart3onvnp ropvn-2-oxo-3-Pvnnolidinvl>carbamate 

From Intennedlate 87 and morpholine. 
RT1.88mln, MH* 441 

Intemiediate 5w) (3S)-3-Amino-1-rf1SV-3-^dimethvlaminoV1-r4- 

morpholinvlcari3onvn Dropvll-2-Dvrrolidinone dihvdrochloride 

intermediate 9w) (176mg) was dissolved in dry dioxan (2ml). 4M HCI in dioxan (4ml) 
was added and the mixture was stin-ed for 4 hours at room temperature. Solvent was 
removed under vacuum, the residue was re-dissolved in fresh dioxan (4ml) and 
solvent re-evaporated to give the title compound . 
RT 0.38min, MH* 341 

In a similar fashion were prepared: 



Intermediate 5x) f 3S)-3-Amino-1 -ff 1 S)-1 -f4-mon3hollnv|cartionvl V3-ri 

piDeridinvn propvll-2-Pvn-olidinonftriihvdrochloride 
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RT0.38mln. MH*339 

Intermediate 5y) (3SV3-Amino-1-rnSV-3-f4-moroholinvn-1-f4- 

5 moroholinvlcarbonvhDroDvl1-2-Dvrrolidinone dihvdrochloride 



RT 0.38min, MH* 299 




C90 R=Boc 
91 R=H 

Intermediate 88 1.1-Dimethvlethvl S)-3-fmethvlsulfonvn-1-f4- 

10 moroholinvlcarbonynpropyncarbamate 

Prepared from (2S)-2-({[(1,1-dimethylethyl)oxy]carbonyl}amino)-4- 

(metiiylsulfonyl)butanoic add according to the procedure for Intemnedlate 11 
RT 2.14min. MH* 351 

15 

Intemnediate 89 (2S)-4-(MethvlsulfonvlV1 -f4-moroholinvi)-1 -oxo-2-butanamin6 

Prepared from Intermediate 88 according to the procedure for Intemiediate 5f). 
RT 0.39min, MH* 251 

20 

Intermediate 90 1 .1-Dimethvlethvl f(3S)-1-rf1 SV3-fmethvlsulfonvn-1-r4- 

morpholinvlcarbonvnDropvn-2-oxo-3-Dvrrolidinvl^carbamate 

Prepared from Intemiediate 89 according to the procedure for Intennediate 90- 
25 RT 2.24min, MH* 433 

Intermediate 91 f3SV3-Am!no-1 -U1 SV-3-rmethvlsulfonvlV1 -(4- 

morpholinvlcarbonvnpropvll-2-pvrrolidinone hydrochloride 



30 Prepared from Intemiediate 90 according to the procedure for Intennediate 5e) 
RT 0.48min, MH* 333 
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Example 




Name of compound 


1 


A/ » 

0 


2-(5-Chlorothlen-2-yl)-N-{(3S)-1 - 
[(1 S)-1 -methyl-2-morpholln-4-yl- 
2-oxoethyl]-2-oxopyrrolidln-3- 
yl}ethanesulfonamide 


2 


U 


(1 E)-2-(5-chlorothien-2-yl)-N- 
{(3S)-1-[(1S)-1-methyI-2- 
morpholin-4-yl-2-oxoethyl]-2- 
oxopyrrolidin-3-vltoroD-l -ene-1 - 
sulfonamide 


3 


6 


(1 E)-2-(4-chlorophenyl)-N-{(3S)- 
1 -[(1 S)-1 -methyl-2-morpholin-4- 
yl-2-oxoethyl]-2-oxopyn^olidin-3- 
yl}prop-1 -ene-1 -sulfonamide 


4 


0 


2-(4-chlorophenyl)-N-{(3S)-1- 
[(1 S)-1-methyl-2-morpholin-4-y!- 
2-oxoethyl]-2-oxopynx)lidln-3- 
yi/einanesuiTonamiae 


5 


0 


2-(5-chlorothien-2-yl)-N-{(3S)-1- 

[(1S)-1-(morpholin-4- 

ylcarbonyl)propyl]-2- 

oxopyn-oIidin-3- 

yl}ethanesulfonamlde 


6 


A^ 

0 


2-(4-cliIorophenyl)-N-{(3S)-1 - 
[(1 S)-1 -(morpholin-4- 
ylcarbonyl)propyl]-2- 
oxopynroiidln-3- 
yl}ethanesulfonamide 


7 




(1 E)-2-(5-clilorothien-2-yl)-N- 
{(3S)-1 -[(1 S)-1 -(morpholin-4- 
ylcarbonyl)propyl]-2- 
oxopyiTolidin-3-yl}prop-1 -ene-1 - 
sulfonamide 
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8 




2-(5-chlorothien-2-yl)-N-{(3S)r1 - 
[{1 S)-2-methyl-1 -(morpholin-4- 
ylcarbonyl)propyl]-2- 
oxopyrrolidln-3- 
yl}ethanesulfonamide 


9 


0 


(1 E)-2-(5-chlorothien-2-yl)-N- 
{(3S)-1-[(1S)-2-methyH- 
(morpholin-4-ylcarbonyl)propyl]- 
2-oxopyrrondin-3-yl}prop-1 -ene-1 - 
sulfonamide 


10 




2-(5-chlorothien-2-yl)-N-{(3S)-1 - 
[(1 S,2S)-2-methyH -(morpholin- 
4-ylcarbonyl)butyl]-2- 
oxopyrrolldin-3- 
yl}ethanesulfonamide 


11 


•MP- 


(1 E)-2-(5-chlorothien-2-yl)-N- 
{(3S)-1 -[(1 S.2S)-2-methyH- 
(morpholin-4-ylcarbonyl)butyq-2- 
oxopyrrolldin-3-yl}prop-1 -ene-1 - 
sulfonamide 


12 




2-(4-bromophenyl)-N-{(3S)-1- 
[(1 S.2S)-2-methy|.1 -(morpholin- 
4-yIcarbonyl)butyl]-2- 
oxopyrrolidin-3- 
yl}ethanesulfonamide 


13 


d. 

oca 


N-{(3S)-1-[(1 S)-1-benzy|.2- 

morpholin-4-yl-2-oxoethyl]-2- 

oxopynrolidin-3-yl}-2-(5- 

chlorothien-2- 

yOethanesulfonamide 


14 




(1E)^N-{(3S)-1-[(1S)-1-benzyl-2- 
morpholin-4-yl-2-oxoethyl]-2- 
oxopyrrolidin-3-yl}-2-(5- 
chlorothlen-2-yl)prop-1 -ene-1 - 
sulfonamide 
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15 




2-(5-chlorothien-2-yl)-N-{(3S)-1 - 
[(1 S)-1 -(methoxymethyl)-2- 
morpholin-4-yl-2-oxoethyl]-2- 
oxopyrrolldln-3- 
yI}ethanesulfonamide 


16 


i o en 

0 


(1 E)-2-(5-chlorothien-2-yl)-N- 
{(3S)-1-[(1S)-1-(methoxymethyl)- 
2-morpholin-4-yl-2-oxoethyl]-2- 
oxopyrronclin-3-yl}prop-1 -ene-1 - 
sulfonamide 


17 




2-(5-chlorothien-2-yl)-N-{(3S)-1 - 
[(1 S,2R)-2-methoxy-1 - 
(morpholin-4-ylcarbonyl)propyl]- 
2-oxopyrrolidin-3- 
yl}ethanesulfonamtde 


18 




(1 E)-2-(5-chlorothien-2-yl)-N- 
{(3S)-1 -[(1 S,2R).2-methoxy-1 - 
(morpholin-4-ylcarbonyl)propyl]- 
2-oxopyrroIidln-3-yl}prop-1 -ene-1 - 
sulfonamide 


19 


0 


2-(5-Chlorotliien-2-yl)-A/-metliyl- 
A/-{(3S)-1 -[(1 S)-1 .methyl-2- 
morpholin-4-yl-2-oxoetliyl]-2- 
oxopynrotidin-3- 
yl}ethanesulfonamide 


20 




A/^-{[2-(5-Chlorothien-2- 
yl)ethyl]suIfony!}-A^-{(3S)-1-[(1 S)- 
1 -methvl-2-momholin-4-vU2- 
oxoethyl]-2-oxopyn"olidin-3- 
yOglydnamide 


21 




Benzyl (3S)-3-[(3S)-3-({[2-(5- 
Ghlorotliien-2- 
yl)etliyl]sulfonyl}amino)-2- 
oxopyrrolidin-1 -yl]-4-morpho!ln-4- 
yl-4-oxobutanoate 
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22 


Q 


Benzyl (3S)-3-[(3S)-3-({[(1£>.2- 
(5-Chlorothien-2-yl)prop-1 - 
enyQsulfonyl}amino)-2- 
oxopyrrolidin-l -yll-4-morpholln-4- 
yl-4-oxobutanoate 


23 




2-(5-chlorothien-2-yl)- A/-{(3S)-1 - 
[(1 S)-2-morpholin-4-yl-2-oxo-1- 
(thien-2-ylmethyl)ethyl]-2- 
oxopyrrolidin-3- 
yl}ethanesulfonamide 


24 




2-(4-chlorophenyl)- A/-{(3S)-1 - 
[(1 S)-2-morpholin-4-yl-2-oxo-1- 
(thien-2-ylmethyl)ethyl]-2- 
oxopynrolldjn-3- 
yl}ethanesulfonamide 


25 


o 


2-(4-chloro-2-fIuorophenyI)-N- 

{(3S)-1-[(1S)-1-methyl-2- 

morpholin-4-yl-2-oxoethyl]-2- 

oxopyiTolidin-3- 

yl}ethanesulfonamide 


26 




2-(4-bromophenyl)-N-{(3S)-1 - 

[(1S)-1-(morpholin-4- 

ylcarbonyl)propyl]-2- 

oxopyrrolidrn-3- 

yl}ethanesulfonamide 


27 


0 


2-(4-chlorophenyl)-2,2-difluoro-A/- 
{(3S)-1 .[(1 S)-1 -methyl-2- 
morpholin-4-yl-2-oxoethyl]-2- 
oxopyrrolidin-3- 
yl}ethanesulfonamide 


28 


0 


(Z)-2-(4-chlorophenyl)-2-fIuoro-A/- 
{{3S)-1 -[(1 S)-1 -methyl-2- 
morpholin-4-yl-2-oxoethyl]-2- 
oxopyrrolidin-3- 
yl}ethenesulfonamide 



wo 2004/052851 


84 
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29 




2-(4-chlorophenyl)-2,2-difluoro-A/- 
{(3S)-1 -[(1 S,2S)-2-methyl-1 - 
(morpholln-4-ylcarbonyl)butyl]-2- 
oxopyrrolidln-3- 
yl}ethanesulfonamide 


30 




(Z)-2-(4-chlorophenyI)-2-fluoro-A/- 
{(3S)-1 -[(1 S.2S)-2.methyl-1 - 
(morpholin-4-ylcarbonyl)butyl]-2- 
oxopynrolidin-3- 
yl}ethenesulfonamide 


31 


0 


(1 £)-2-(5-Chlorothien-2-yI)-A/-. 
{(3S)-1 -[(1 S)-3-morpholin-4-yl-1 - 
(morpholin-4-ylcarbonyl)-3- 
oxopropyl]-2-oxopyrrolidin-3- 
yl}prop-1 -ene-1 -sulfonamide 


32 


0 


(3S).3-[(3S).3-({[{1E)-2-(5. 

Chlorothien-2-yl)prop-1- 

enyl]sulfonyl}amino)-2- 

oxopyrrolidin-1 -yl]-A/, A/-dimethyl- 

4-morphoIln-4-yI-4- 

oxobutanamide 


33 


0 


2-(4-bromophenyl)-N-{(3S)-1 - 
[(1 S)-1 "methyl-2-morpholin-4-yl- 
2-oxoethyl]-2-oxopyrrolidln-3- 
yi/cuictiicouiTunarniue 


34 


0 


Ethyl A/-{[2^(5-chlorothien-2- 
yl)ethyl]sulfonyl}-A/-{(3S)-1 -[(1 Sy 
1 -methyl-2-morpholin-4-yl-2- 
oxoethyl]-2-oxopyrrolidin-3- 
yl}glycinate 


35 


0 


Methyl A/-{[2-(5-chlorothlen-2- 
yl)ethyl]sulfonyl^A/-{(3S)-1-[(1 S)- 
1 -methyl-2-morphoiin-4-yi-2- 
oxoethyr|-2-oxopyiTolidin-3- 
yi}giycinate 



wo 2004/052851 


85 


PCT/EP2003/013799 


36 


0 


A/-{[2-(5-chlorothien-2- 
yl)ethyl]sulfonyl}-A/-{(3S)-1 -[(1 S)- 
1 -methyl-2-morpholin-4-yl-2- 
oxoethyl]-2-oxopynrolldln-3- 
yl}glyclne 


37 


0 


2- (5-chlorothlen-2-yl)-A/-{(3S)-1 - 
[(1 S)-3-methyl-1-(morpholin-4- 
ylcarbonyl)butyl]-2-oxopyrrolidin- 

3- yl}ethanesulfonamide 


38 




2-(5-chlorothien-2-yl)-N-methyl-yV 
-{(3S)-1 -[(1 S,2S)-2-methyl-1 - 
(morpholin-4-ylcarbonyl)butyl]-2- 
oxopynrondin-3- 
yl}ethanesulfonamide 


39 




A^-{[2>{5-chlorothien-2- 

yl)ethyl]sulfonyl^A/^-methyI-A/2- 

{(3S)-1-[(1S,2S)-2-methyM- 

(morpholin-4-ylcarbonyl)butyl]-2- 

oxopviTolidin-3-yl}glycinamide 


40 




/V2-{[2-(5-chlorothien-2- 
yl)ethyl]sulfonyl}-A^ , A/^-dimethyl- 
A/2-{(3S)-1 -[(1 S,2S)-2-methyl-1 - 
(morphoIin-4-ylcarbonyl)butyQ-2- 
oxopyiTolidin-3-yl}glycinamide 


41 


0 


(1 £)-2-(5-chIorothien-2-yl)-3,3> 
trif luoro-A/-{(3S)-1 -[(1 S)-1 -methyl- 
2-morpholin-4-yI-2-oxoethyl]-2- 
oxoDvrrolidin-3-vllDroD-1 -ene-1 - 
sulfonamide 


42 


0 


2-(2,4-dichlorophenyl)-N-{(3S)-1 - 
[(1 S)-1 -methyl-2-morpholin-4-yl- 
2-oxoethyl]-2-oxopyrrolidin-3- 
yijetnanesuiTonamiae 



wo 2004/052851 


86 
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43 


0 


2-(4-fluorophenyl)-N-{(3S)-1 - 
[(1 S)-1 -methyl-2-morpholin-4-yI- 
2-oxoethyl]-2-oxopyrrolidin-3- 
yl}ethanesulfonamide 


44 


0 


2-(4-methylphenyl)-N-{(3S)-1 - 
[(1 S>-1-methyl-2-morpholin-4-yl- 
2-oxoethyl]-2-oxopyrrolidln-3- 
yl}ethanesulfonamide 


45 




2-(4-chlorophenyl)-N-{(3S)-1- 
[(1 S)-2rmethyl-1-(morphoHn-4- 
yIcarbonyl)propyl]-2- 
oxopyrrolidin-3- 
yl}ethanesulfonamide 


46 


t ^ 

0 


(3S).3-[(3S)-3-({[2-(5. 
Chlorothien-2- 
ethane]sulfonyl}amino)-2- 
oxopyrrolidin-1 -yl]-4-morpholin-4- 
yI-4-oxobutanoic acid 


47 


0 


2-(5-chloro-2-pyridinyl)-A/-{(3S)-1- 
[(1 S)-1 -methyl-2-(4-morpholinyl)- 
2-oxoethvll-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


48 




2- (5-chloro-2-pyridinyl)-A/-{(3S)-1- 
[(1S,2S)-2-methyI-1-{4- 
morpholinyIcarbonyl)butyl]-2-oxo- 

3- pyrrolidinyl}ethanesulfonamide 



wo 2004/052851 
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49 


\ 


2-(5-chloro-2-pyric!inyl)-A/-{(3S)-1- 
[(1 S)-1 -[(ethyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


50 


0 


2-(5-chloro-2-pyridinyl)-/\/-{(3S)-1 - 
[(1 S)-1 -[(methyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolldinyl}ethanesulfonamide 


51 




2- (4-chlorophenyl)-A/-{(3S)-1- 
[(1 S.2S)-2-methy|.1 -(4- 
morpholinylcarbonyl)butyl]-2-oxo- 

3- pyrrolidlnyl}-2- 
oxoethanesulfonamide 


52 


0 


2-(4-chlorophenyl)-A/-{(3S)-1- 
[(1 S)-1 -(methyloxy)-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}-2- 
oxoethanesulfonamide 


53 




2- (4-chIorophenyl)-2-hydroxy-A/- 
{{3Sy^ -[(1 S.2S)-2-methyl-1 -(4- 
motpholinylcarbonyl)butyl]-2-oxo- 

3- pyrrolidinyl}ethanesulfonamide 


54 


0 


2-(5-chloro-2-thienyl)-A/-{(3S)-1 - 
[(1 S)-1-methyl-2-{4-morpholinyl)- 
iC-oxoe inyij-^-oxo-o-pyrroiia inyi |- 
1 -propanesulfonamide 



wo 2004/052851 
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55 


0 


(2/?)-2-(5-chloro-2-thienyl)-A/- 
{{3Sy^ -[(1 S)-1 -methyl-2-(4- 
morpholinyl)-2-oxoethyll-2-oxo-3- 
pyrrolidinyl}-1- 
propanesulfonamide. 


56 


0 


(2S)-2-(5-chloro24hienyl)-A/- 
{(3S)'1-[(1 S)-1-methyl-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}-1- 

propanesulfonamide 


57 


^ 0 


2- (5-chloro-2-thienyl)-A/-{(3S)-1 - 
[(1S.2S)-2-methyl-1-(4- 
morpholinylcarbonyl)butyl]-2-oxo- 

3- pyrrolidlnyl}-1- 
propanesulfonamide 


58 


O 


2-(5-chloro-2.thienyl)-A/-{(3S)-1- 

[(1S)-1-[(methyIoxy)methyI]-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3- 

pyrrolidinyl}-!- 

propanesulfonamide 


59 


ex. 

o 


2-(5-chloro-2-thienyl)-A/-{(3S)-1 - 
[(1 S)-1 -[(ethyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}-1- 
propanesulfonamide 


60 


0 


2-(5-chloro-2-thienyl)-/V-{(3S)-1 - 

[(1S)-1-[(3-methyl-1,2,4- 

oxadiazol-5-yl)methyl]-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3- 

pynrolidinyl}-1- 

propanesulfonamide 


61 


0 


1-(5-chloro-2,3-dihydro-1 H-inden- 
1-yl)-/V-{(3S)-1-[(1S)-1-methyl-2- 
(4-morpholInyl)-2-oxoethyl]-2- 
oxo-3- 

pyrrolidinyl}methanesulfonamide 



wo 2004/0S28S1 
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62 


1 ° 

0 


1-(5-chloro-2,3-dihydro-1 H-inden- 

1.yl)-A/-{(3S)-1-[(1S>-1- 

[(methyloxy)methyl]-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3- 

pyrrolidinyl}methanesulfonamide 


63 




1 -(5-chloro2,3-dlhydrc>-1 H-inden- 
1 -y|).A/-{(3S)-1 -[(1 S.2S)-2-methyl- 
1 -(4-morpholinylcarbonyl)butyl]-2- 
oxo-3- 

pyiTolidinyl}methanesulfonamide 


64 




1 -(6-chloro-2,3-dihydro-1 - 
benzofuran-3-yl)-A/-{(3S)-1-[(1 sy 
1 -methyl-2-(4-morpholinyl)-2- 
oxoethyO-2-oxo-3- 
pyrroHdinyl}methanesulfonamide 


65 


Oil '^^ 


1 -(6-chloro-2,3-dihydro1 - 
benzofuran-3-yl)-A/-{(3S)-1 -[(1 S)- 
1 -[(methyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}methanesulfonamide 


66 


0 


1-(5-chloro-1 ,3-dihydro-2- 
benzofuran-1-yl)-/\/-{(3S)-1-[(1S)- 
1 -methyl-2-(4-morpholinyl)-2- 
oxoethyl]-2-oxo-3- 
pyrrolidinyl}methanesulfonamide 


67 




2-(5-chloro-2-thienyl)-A/-{(3S)-1 - 
[2-(4-morphoiinyl)-2-oxo-1 - 
(tetrahydro-2H-pyran-4-yl)ethyl]- 
2-OXO-3- 

pyrrolidinyl}ethanesulfonamide 



wo 2004/052851 
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68 


a. 

0 


1 -[(1 R)-5-chloro-2.3-dihydro-1 H- 
inden-l -yI]-A/-{(3S)-1 -[(1 S)-1 - 
[(methyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyll-2-oxo-3- 
pyrrolidinyl}methanesulfonamide 


69 




2-(5-chloro-2-thlenyl)-A/-{(3S)-1 - 
[(1 S)-2-(4-morphoIlnyl)-2-oxo-1- 
phenylethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


70 


0 


2-(5-chloro-2.thienyl)-/V-{(3S)-1 - 
[(1 S)-1 H:(4-f luorophenyl)methyl]- 
2-(4-morpholinyl)-2-oxoethyl]-2- 
oxo-3- 

pyiTolidinyl}ethanesulfonamide 


71 


0 


2-(5-chIoro-2-thienyl)-W-{(3S)-1 - 
[(1 S)-2-(4-morpholinyl)-2-oxo-1- 
(1 ,3-thiazol-4-ylmethyl)ethyl]-2- 
oxo-o~ 

pyrrolidinyl}ethanesulfonamide 


72 


0 


2-(4-chlorophenyl)-A/-{(3S)-1 - 
[(1 S)-2-(4-morpholinyl)-2-oxo-1 - 
(1 ,3-thiazol-4-ylmethyl)ethyl]-2- 
oxo-3- 

pyrrolidinyl}ethanesulfonamide 


73 




2-(5-chloro-2-thienyl)-A/-{(3S)-1 - 
[(1 f?)-2-(4-morpholinyl)-2-oxo-1 - 
(2-thienyl)ethyl]-2-oxc>-3- 
pyrrolidinyl}ethanesulfonamide 



wo 2004/052851 
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74 




2-(4-chlorophenyl)-A/-{(3S)-1 - 
[(1 R)-2-(4-morpholinyl)-2-oxo-1 - 
(2-thienyl)ethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


75 


rV 

CO 


2-(5-chloro-2-thienyl)-A/-{(3S)-1- 
[(1 R)-1 -[(ethylthio)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrroliclinyi}ethanesulfonamide 


76 


ft 

0 


2-(5-chloro-2-thienyl)-A/-{(3S)-1 - 
[(1 S)-1 -(cyanomethyl)-2-(4- 
niorpholinyl)-2-oxoethyl]-2-oxo-3- 
pynrolidinyl}ethanesulfonamide 


77 


0 


2-(5~chloro-2-thienyl)-A/-{(3S)-1 - 
[(1 S)-2-(4-morpholinyl)-1 -(1 ,2,4- 
oxadiazol-5-ylmethyl)-2- 
oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


78 




2-(5-chloro-2-thienyl)-A/-{(3S)-1- 
[(1 S)-1-[(3-methyH .2,4- 
oxadiazol-5-yl)methyl]-2-(4- 
morpholinyI)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 



wo 2004/052851 
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79 


0 


2-(5-chloro-2-thienyl)-A/-methyl- 
/V-{(3S)-1-[(1 S)-1-[(3-methyl- 
1 ,2,4-oxadiazol-5-yl)methyll-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


80 


0 


2-(5-chloro-2.thlenyl)-A/-{(3S)-1 - 
[(1 S)-1 -[(1 -methyl-1 H-1 ,2,4- 
triazol-3-yl)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolldinyl}ethanesulfonamide 


81 




2-(5-chIoro-2-thienyl)-/V-{(3S)-1- 
[(1 S)-1 -[(1 -methyl-1 H-1 ,2,4- 
triazol-5-yl)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


82 


Hp, 

Q 


2-(4-chlorophenyl)-A/-{(3S)-1- 

[(1S)-1-[(3-methyM,2,4- 

oxadiazol-5-yl)methyl]-2-(4- 

morphollnyl)-2-oxoethyl]-2-oxo-3- 

pyrrolidinyl}ethanesulfonamide 


83 




(3S)-3-[{3S)-3-({[2-(5-chloro-2- 
thienyl)ethyl]sulfonyl}amino)-2- 
oxo-1 -pyrTolidinyl]-A/-methyl-4-(4- 
nnorpholinyl)-4-oxo-A/- 
(phenylmethyl)butanamide 


84 


^ 0 


2-(5-chloro-2-thienyl)-/V-{(3S)-1- 
[(1S)-1-{[(1- 

methylethyl)oxy]methyl}-2-(4- 

morpholinyl)-2-oxoethyri-2-oxo-3- 

pyiTolidinyl}ethanesulfonamide 



wo 2004/052851 



93 
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85 


s O 

0 


2-(5-chloro-2-thienyl)-A/-{(3S)-1 - 
[(1 S)-1-[(ethylo)cy)methyI]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


86 


0 


2-(4-chlorophenyl)-/V-{(3S)-1- 
[(1 S)-1-[(ethyIoxy)methyl]-2-(4- 
morphol!nyl)-2-oxoethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


87 


0 


(1£)-2-(5-chloro-2-thienyl)-W- 

{(3SM-[(1S)-1- 

[(ethyloxy)methyl]-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3- 

pyrrolidinyl}-! -propene-1 - 

sulfonamide 


88 


0 


2-(5-chloro-2-thienyl)-A/>{(3S)-1 - 
[(1 S)-3-(methyloxy)-1 -(4- 
morpholinylcarbonyl)propyl]-2- 
oxo-3- 

pyrrolidinyl}ethanesulfonamide 


89 


0 


2-^4-chloroDhenvl VAW^3SV1 - 
[(1 S)-1 -[(methyloxy)methyl]-2-(4- 
morpholinyl)-2-oxoethyl]-2-oxo-3- 
pytTolidinyl}ethanesulfonamide 


90 


0 


2-(5-chloro-2-thienyl)-A/-{(3S)-1- 
[(1 S)-2-(4-morpholinyl)-2-oxo-1- 
(4-pyridinylmethyl)ethyl]-2-oxo-3- 
pyrTolidinyl}ethanesulfonamide 



wo 2004/052851 


94 
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91 


0 


2-(5-chloro-2-thienyl)-A/-{(3S)-1- 
[(1 S)-2-(4-morpholinyl)-2-oxo-1- 
(3-pyridinylmethyl)ethyl]-2-oxo-3- 
DvrrolidinvDethan^m ilfnnamiriia 


92 




2-(5-chloro-2-thienyl)-AK(3S)-1 - 
[2-(4-morpholinyl)-2-oxo-1 -(3- 
pyridinyl)ethyl]-2-oxo-3- 
pyrrolidinyl}ethanesulfonamide 


93 


a 


2-(5-chloro-2-thienyl)-/V-{(3S)-1. 
[(1 S)-3-(dimethylamino)-1 -(4- 
morpholinylcarbonyl)propyl]-2- 
oxo-3- 

pyrrolldinyl}ethanesulfonamide 


94 


a 


2- (5-chloro-2-thienyl)-A/-{(3S)-1- 
[(1 S)-1 -(4-morphormylcarbonyl)- 

3- (1-piperidinyl)propyl]-2-oxo-3- 
pyrroHdinyi}ethanesulfonamide 


95 


a 

1 9 


2"(5-chloro-24hienyl)-A/-{(3S)-1 - 
[(1 S)-3-(4-morpholinyl)-1-(4- 
morpholinylcarbonyl)propyl]-2- 
oxo-3- 

pyrrolidinyl}ethanesulfonamide 


96 




(1 E)-2-(5-chloro2-thienyl)-A/- 
{(3S)-1 -[(1 S)-3-(4-morpholinyl)-1 - 
(4-morpholinylcarbonyl)propyl]-2- 
UAU-o-pyrruiiuinyi/- 1 -propene-i- 
sulfonamide 



wo 2004/052851 



95 
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97 


0 


A^-{[2-(5-chloro-2- 

thienyl)ethyl]sulfonyl}-A^,A/^- 

dimethyl-A/2-{(3S)-1 -[(1 S)-1- 

[(methyloxy)methyl]-2-(4- 

morpholinyl)-2-oxoethyl]-2-oxo-3- 

pyrrolldinyl}glycinamide 


98 


0 


A/2-{[2-(5-chlorD-2- 

thienyl)ethyl]sulfonyl}-A/^-methyl- 

AP-{(3S)-1-[(1S)-1- 

[(methyloxy)methyll-2-(4- 

morpholinyl)-2-oxoethyQ-2-oxo-3- 

pyrroiidinyl}glycinamide 


99 


r O 

rV 

^6 


2-(4-chiorophenyl)-A/-{(3S)-1 - 
[(1 S)-3-(methylsulfonyl)-1-(4- 
morpholinylcarbonyl)propyl]-2- 
oxo-3- 

pyrrolidinyl}ethanesulfonamide 



wo 2004/052851 



96 



PCT/EP2003/013799 



Examples 

Example 1 2-f 5-Chlorothien-2-vl VN^f3SV1 -m S V1 -methvl~2-morpholin-4-vl~2- 
oxoethvn-2-oxopvrrolldin-3-vftethanesulfonamide 

5 

A solution of Intemiedlate 35 (O.lg) and chlorotris(triphenylphosphine)rhodium (1) 
(0.01 5g) in acetic acid (2ml) was stinted under a hydrogen atmosphere (SOpsi) at 60- 
70**C for 65h. The cooled reaction mixture was filtered through Celite and 
concentrated under reduced pressure to give a brown oil which was partially purified 
10 by silica gel chromatography (eluting with DCM, diethyl ether, ethyl acetate) to give 
an impure sample of the desired product. Further purification using mass directed 
preparative HPLC provided the title compound as a white solid. 
RT2.70min MH* 450 

1 5 Prepared In a similar manner was : 

Example 37 2-(5-Chlorothien-2-vn-A/-l(3SV1-rnSV3-methvH>fmorpholin-4- 
vlcarbonvl)butvn-2-oxopvnroiidin-3-vl)ethanesulfonamide 

20 From intermediate 39. 
RT3.16min. MH* 492 

Example 2 ( 1 E)-2-(5-Chlorothien-2-vl)-N-l(3S V1 SVI -methvl-2-mon3holin-4-vl-2- 
oxoethvn-2-oxQPvrrolidin-3"Vl!proP"1 -ene-1 -sulfonamide 

25 

Intermediate 23 (190mg) was stin-ed in acetonitrile (15ml) at O^C. Intenmediate 5a) 
(120mg) and pyridine (166mg) were then added dropwise as a 5ml acetonitrile 
solution and the mixture was allowed to warm to room temperature,, with stirrng 
continuing overnight. Solvent was then evaporated in vacuo and the residue 
30 partitioned between chloroform and 2N HCI/brine.. The organic layer was dried over 
magnesium sulphate and solvent evaporated in vacuo. Purification via silica gel 
chromatography (ethyl acetate), followed by further purification via HPLC gave the 
title compound . 
RT2.80min, MH* 462 

35 

Example 9 ( 1 E V2-f 5-Chlorothien-2-vl VN-lf 3SV1 >rf 1 SV-2-methvl-l -f moroholin^- 
vlcarbonvnpropvn"2-oxopvnrolidin-3-vlterop-1 -ene-1 -sulfonamide 

Intermediate 5f) (60mg) was dissolved in acetonitrile (1ml) at O'^C. Pyridine (44ul) and 
40 intermediate 23 (56mg) were added. The reaction was stinted for 10 minutes then at 
room temperature for 2 hours. Solvent was evaporated in vacuo and purified via 
silica gel chromatography (ethyl acetateicyclohexane 3:1) to give the title compound . 
RT3.05 MH*491 
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Example 7 ( 1 EV2-(5-ChlQrothien-2-vn-N-lf 3S V1 -Ff 1 SV1 -f moroholin-4- 

vlcarbonvnproDvn-2-oxoDviTolidin-3-vltoroD-1 -sulfonamide 

5 Intemiediate 5b) (33mg) was dissolved in acetonitrile {0.5ml) at O^^C. Pyridine (28ul) 
and intemiediate 23 (30mg) were added . After stinging for 15 minutes, the reaction 
was stirred for 1 hour. The mixture was partitioned between water (5ml) and ethyl 
acetate (10ml). After washing with 1N HCI and brine (5ml portions) the organics were 
dried (magnesium sulphate) and solvent evaporated in vacuo. Purification via silica 
10 gel chromatography (ethyl acetate:<yclohexane 3:2) gave the title compound . 
RT3.02min MH*476 

Example 10 2-(5-Chlorothien-2-vlVN-l(3SV14f1S,2SV2-methvH-fmorpholin-4- 
vlcarbonvnbutvn-2-oxopvrrolidin-3-vl)ethanesulfonamide 

15 

Intermediate 5c) (100mg) was stirred in acetonitrile (2ml) at 0°C. Pyridine (86ul) and 
intermediate 15 (96mg) were added in acetonitrile (1ml). The mixture was stirred for 
30 minutes at OPC then at room temperature for 3 hours. Solvent was then 
evaporated in vacuo. After washing with IN HCI and brine (5ml portions) the 
20 organics were dried (magnesium sulphate) and solvent evaporated in vacuo. 
Purification via silica gel chromatography (ethyl acetatercyclohexane 1:1) gave the 
title compound . 
RT 3.25min, IVIH* 492 

25 Example 18 (1 E)-2-f 5-Chlorothien-2>vlV-N-f f 3S VI 4f 1 S.2RV2-methoxv-1 morpholin> 
4"Vlcari3onvhpropvn-2-oxopvrrolidln-3-vl)prop-1 -ene-1 -sulfonamide 

Intermediate 5g) (37mg) was stinred in acetonitrile (1ml) at 0°C. Pyridine (28ul) and 
Intermediate 23 (32mg) were added and the mixture stinred for 1 hour at 0°C then at 
30 room temperature for 3 hours. Evaporation of solvent in vacuo followed by 
purification via silica gel chromatography (ethyl acetate:cyclohexane 1:1) gave the 
title compound . 
RT2.91min, MH* 506 

35 Example 11 f 1 EV2-f 5-Chlorothien-2-vl VN-f f 3SV-1 -m S.2S)-2-methvl-1 -f moroholin-4- 
vlcarbonvl)butvn-2-oxopvrrolldin-3"Vftprop-1 -ene-1 -sulfonamide 

Intermediate 5c) (65mg) was stirred in acetonitrile (1.5ml) at 0°C. Pyridine (56ul) and 
intermediate 23 (60mg) were added in acetonitrile (1.5ml), The mixture was stinted 
40 for 30 minutes at 0*^0 then at room temperature for 3 hours. Solvent was then 
evaporated in vacuo. After washing with IN HCI and brine (5ml portions) the 
organics were dried (magnesium sulphate) and solvent evaporated in vacuo. 
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Purification via silica gel chromatography (ethyl acetate:cyclohexane 1:1) gave the 
title compound . 
RT3.17mln, MH* 504 

5 In a similar fashion were prepared the following: 

Example 5 2-(5-Chlorothien-2-vl)-N4f 3S VI -\( 1 S)-1 morpholin-4-vlcarbonvnproDvll- 
2-oxoDvrrolidln-3-vl)ethanesulfonamide 

10 From intermediate 5b) and intermediate 15. 
RT3.17min, MH* 465 

Example 6 2-f4-Chlorophenvh-N-((3S V1 -ff 1 S V1 -(morDholin-4-vlcarbonvOpropvn-2- 
oxopvrrolidin"3-vl)ethanesulfonamide 

15 

From intermediate 5b) and intermediate 18. 
RT3.01min, MH* 459 

Example 4 2-(4-Chlorophenvn-N4(3S)-1 -r( 1 S VI -methvl-2-morpholin-4-vl-2- 

20 oxoethvn-2-oxopvrrolidin*3-vftethanesulfonamlde 

From intermediate 5a) and intermediate 18. 
RT 

25 Example 13 N-f (3SV1 -U 1 SV1 -Benzvl-2>morDholin-4-vl-2-oxoethvn-2-oxopvrrolidin-3- 
vl)-2-(5-chlorothien-2-vnethanesutfonamide 

From intermediate 5d) and intermediate 15. 
RT 3.28min. MH* 527 

30 

Example 14 f 1 EVN^f3SV1-rn SV1-Benzvl-2-morpholin-4-vl-2-oxoethvn-2- 

oxopvrrolidin"3-vlV2-f 5-chlorothien"2-vnprop-1 -ene-1 -sulfonamide 

From intermediate 5d) and intermediate 23. 
35 RT 3,20min, MH* 539 

Example 25 2-f4-Chloro-2-fluorophenvl)-N-((3SV1 -Ff 1 SV1 -methvl-2-moroholln"4-vl- 
2-oxoethvn-2-oxopvrrolidin-3-vl>ethanesulfonamide 



40 



From Intermediate 5a) and intermediate 34. 
RT2.78min. MH* 462 
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Example 42 2-f2,4-DichlorophenvlVN4f3SV1-rMSV1--methvl-2-morDholin-4-vl-2- 
oxoethvn"2-oxopviTolidin-3-vl)ethanesulfonamicle 

From intemiediate 5a) and intemiediate 29. 
5 RT2.91min, MH*478 

Example 43 2-f4-Fluorophenvn-N4f 3S)-1 -U 1 SV1 >methvl-2-morDholin'4-vl-2- 
oxQethvn-2H3XQPvrrQlidin-3-vl>ethanesulfonamide 

10 From intermediate 5a) and 2-(4-fluorophenyl)ethanesulpiionyl chloride. 
RT2.59min, MH* 428 

Example 44 2-(4-Methvlphenvn>N-l(3SV1 4(1 SV1 -methvl-2-morpholin-4-vl-2- 
oxoethvn-2-oxoDvrrolldin-3-vl>ethanesulfonamide 

15 

From Intermediate 5a) and 2-(4-methylphenyl)ethanesulphonyl chloride. 
RT 

Example 3 ME)-244-ChlorophenvlVN4f3SV1-rf1S)^1-methvl-2-morpholin-4-vl>2-- 
20 oxoethvn-2-oxopvrrolidin"3-vl>prop-1 -ene-1 -sulfonamide 

From intemiediate 5a) and intermediate 24. 
RT2.84min. MH*455 

25 Example 12 244-Bromophenvl VN-ff3S VI 4(18,28 V2-methvH-f moroholin-4- 

vlcarbonvnbutvn"2-oxopvrrolidln-3-vllethanesulfonamlde 

From intemiediate 5c) and 2-(4-bromophenyl)ethanesulphonyl chloride. 
RT 3.19min, MH* 530/532 

30 

Example 26 244"Bromophenvn-N-l(3SV1 -r( 1 S^-^ "(morpholin-4-vlcarbonvnpropvn-2- 
oxopvrrolidin-3-vi)ethanesulfonamlde 

From intemiediate 5b) and 2-(4-bromophenyl)ethanesuIphonyl chloride. 
35 RT 2.92. MH* 502/504 

Example 33 2-(4-BromophenvlVN-f(3SV1-r(1S)-1-methvl-2-moroholin-4-vl"2" 
oxoethvn-2-oxopvrrolidin-3-vl>ethanesulfonamide 



40 



From Intermediate 5a) and 2-(4-bromophenyl)ethanesulphonyl chloride 
RT2.80, MH* 488/490 
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Example 41 ( 1 a-2-(5-Chlorothien-2-vn-3.3.3-trifluoro-A/-l(3SV1-rf 1 SV1 -methvl-2- 
nnoroholin-4-vl-2-oxoethvn-2-oxopvrrolidin-3-vHDroD-1-ene-1-sulfonamide 

From intemnedlate 5a) and intemrtediate 42. 
5 RT 3.09mln, MH* 516 

Example 16 f 1 E)-2-(5-Chlorothien-2-vl)-N4(3SV1 -Ff 1 S)-1 -f methoxvmethvl V-2- 
morpholin-4-vi-2-oxoethvn-2-oxopvrrolidin-3-vllprop-1-ene-1-sulfonamide 

1 0 Intermediate 5e) (50mg as the hydrochloride salt) was stin«d in acetonitrile (1 .5ml) at 
0°C. N.N-diiisopropylethylamine (28ul) was added and stim'ng continued for 10 
minutes. Pyridine (40ul) was then added followed by intermediate 23 (50mg) and 
stirring continued for 15 minutes at 0°C then ovemight at room temperature. The 
mixture was partitioned between IN HCI (10ml) and ethyl acetate (25ml). The 

15 organic layer was then washed wth brine (10ml) and dried (magnesium sulphate). 
Solvent was evaporated in vacuo and purification via silica gei chromatography (ethyl 
acetate:cyciohexane 1 :2) gave the title compound . 
RT 2.80min, MH* 492 

20 Example 15 2-f5-Chlorothien-2-vlVN-l^3S)-1-rf1SV1-fmethoxvmethvlV-2-morpholin- 
4-vl-2-oxoethvn-2-oxoDvnrolidin-3-v»ethanesulfonamid6 

A solution of intemriediate 5e) (lOOmg) was stirred in acetonitrile (4ml) at 0°C. 
DIPEA (0.14ml) was added followed by DMAP (7.9mg) and intemiediate 15 (100mg). 

25 The mixture was stirred for 30 minutes, then allowed to warm to room temperature 
and stinred for a further 90 minutes. The mixture was then partitioned between ethyl 
acetate (20ml) and IN HCI (20ml). The organic layer was washed with saturated 
sodium bicarbonate solution, then dried over sodium sulphate and solvent 
evaporated In vacuo. Purification via silica gel chromatography (ethyl acetate) gave 

30 the titie compound . 
RT2.76mln, MH*480 

Examples 27 2-(4-Chiorophenvn-2.2-difluoro-A/-f (3S)-1 -ff 1 SV1 -methvi-2-morpholin- 

4-vl-2-oxoetiivn-2-oxopvrrolidin-3-vl)ethanesulfonamide ^and 

35 Example 28 (ZV-2-f4-Chl orophenvlV2-fluoro-/S/-l^3SVl -id SV-1 -metfivl-2-moroholln-4- 
vl-2-oxoethvn-2- oxopvmjHdin-3-vllethenesulfonamide 

Intemriediate 5a) (79mg) was stin-ed in acetonitrile (1ml). DMAP (7mg) and N,N-di- 
isopropylethyiamine (0.1ml) were added, then the mixture was cooled to 0°C and 
40 intermediate 27 (77mg) was added as a 1ml acetonitrile solution. After 10 minutes 
the mixture was allowed to warni to room temperature and stinred ovemight. The 
residue was parb'tioned between dilorofomrt and 2N HCI, and the organic layer was 
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passed through an ion exchange column then purified via silica gel chromatography. 
Further HPLC purification gave Example 27 and Example 28. 
Example 27 RT 2.83min. MH* 480 
Example 28 RT 2.75mln. MH* 460 

5 

The following compounds were similarly prepared. 

Example 29 and 2-(4-ChloroDhenvn-2.2-difluoro-A/-l(3S)-1 4(1 S.2SV2-methvl-1- 

(moroholin-4-vlcarbonvl)butvn-2-oxopvn-olidin-3-vl)ethanesulfonamide and 

10 Example 30 (2)-2-f4-ChloroDhenvn-2-fluoro-A/-f(3SV1 -Ff 1 S.2S)-2-methvl-1- 

(morDholin-4-vlcarbonvnbutvn-2-oxoDvrrolidin-3-vllethenesulfonamide 

From intemnediate 5c) and intemnediate 27. following HPLC purification. 
Ex 29 RT3.19min,MH*522 
15 Ex 30 RT3.13min.MH*502 

Example 21 Benzvl f3SV3-rf3SV3-ar2-(5-chlorothien-2-vl)ethanelsulfonvl>aminoV2- 
oxopvrrolldln-1-vn-4-morpholin-4-vl-4-oxobutanoate 

20 Intemiediate 5h) (3.11g) was stinned In acetonitrile (40ml) and cooled to OPC. DIPEA 
(4.6ml) was added followed by DMAP (300mg), and then a solution of intermediate 
15 (2.03g) dropwise in acetonitrile. After stimng for 45 minutes at 0°C and 1 hour at 
room temperature, solvent was evaporated and the residue partitioned between ethyl 
acetate (100ml) and water (80ml). The organic layer was washed with IN HCI, then 

25 saturated sodium bicartionate solution, then dried over sodium sulphate and solvent 
evaporated In vacuo. Purification via silica gel chromatography (ethyl 
acetatercyclohexane 2:1) gave the title compound . 
RT 3.24min, MH* 584 

30 Example 17 2-f5-Chlorothlen-2-vn-N-ff3S)-1-rriS.2RV-2-methoxv-1-fmoroholln-4- 
vlcari3onvl)propvn-2-oxopvrrolidin-3-vllethanesulfonamide 

Intermediate 5g) (54mg) was stin-ed in acetonitrile (40ml) and cooled to 0°C. DIPEA 
(70ul) was added followed by DMAP (5mg), and then a solution of intermediate 15 

35 (45mg) dropwise In acetonitrile. TTie mixture was stinned for 1 hour at 0°C and 1 hour 
at room temperature, then solvent was evaporated In vacuo and the residue 
partitioned chloroform (10ml) and water (10ml). The organic layer was washed with 
1 N HCI, then sat. aqueous sodium bicarbonate, then dried over sodium sulphate and 
solvent evaporated in vacuo. Purification via silica gel chromatography (ethyl 

40 acetate:c^clohexane 2: 1 ) gave the title compound . 
RT2.88mln. MH*494 

The following were prepared in a similar fashion: 
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Example 23 2-r5-Chlorothien-2-vlV-A/-f(3SV1 -1(1 SV2-morDholin-4-vl-2-oxo-1 -rthien- 
2-vlmethvl)ethvn-2-oxopvrrolidin-3-vltethanesulfonamide 

From intemnediate 5j) and intemiediate 15. 
RTS.Hmln, MH* 532 

Example 24 2-f4-ChloroDhenvn-A/-f (3S)-1 -Fd S)-2-mon3holin-4-vl-2-oxo-1 -fthlen-2- 
vlmethvhethvn-2-oxooviTolldin-3-vllethanesulfonamide 

From intermediate 5j) and intermediate 18. 
RT3.13min, MH*526 

Example 8 2-f 5-Chlorothien-2-vlVN-f f 3SV1 -Tf 1 SV-2-methvl-l morDholin-4- 

vlcarbonvnpropvn-2-oxopvrrolidin-3-vltethanesulfonamidQ 

From intermediate 5f) and intermediate 15. 
RT 3.06mln. MH* 478 

Example 45 2-f4-Chl orophenvlVN-fr3S)-1-rf1SV-2-methvl-1-rmorDholin-4- 
vlcart)onvl)proDvll-2-oxopvnPoiidin-3-vnethanesulfonamide 

From intemiediate 5f) and intermediate 18. 
RT 3.01 min. MH* 471 

Example 22 Benzvl (3SV3-rf3SV3-arf 1 e-2-f5-clilorothien-2-vl^prop-1- 

envnsuifonvl>aminoV2-oxopvrrolidin-1-vn-4-morpholin-4-vl-4-oxobutanoate 
Intermediate 5h) (lOOmg) was stirred in dry acetonltrile (1.5ml) at 0°C. Pyridine 
(76mg) was added followed by a solution of intermediate 23 (69mg) dropwise in 
acetonitrile. The mixture was stinted for 20 minutes at O^C then at room temperature 
for 3 hours. Solvent was evaporated and the residue partitioned between ethyl 
acetate (5ml) and water (5ml). The organic layer was washed with IN HCI, then 
saturated sodium bicarbonate, then dried over sodium sulphate and solvent 
evaporated In vacuo. Purification via silica gel chromatography (ethyl 
acetate:cyclohexane 1:1 to 2:1) gave the title compound . 
RT 3.28min MH* 596 
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Example 46 (3SV3-r(3SV3-ar2-(5>Chlorothien-2-ethane1sulfonvllaminoV2- 
oxoDvrrolidin-l -vn-4"morpholin-4-vl-4-oxobutanoic acid 

5 

To example 21 (lOOmg) at 0°C was added 45%w/v HBr in acetic acid (2ml). The 
mixture was stirred for 15 minutes then allowed to warm to room temperature. After 1 
hour (all starting material having dissolved) solvent was evaporated and the residue 
partitioned between ethyl acetate and saturated sodium bicarbonate solution. The 
10 aqueous phase was then acidified with 5N HCI and the resulting mixture extracted 
with ethyl acetate. Solvent was removed in vacuo to give the title compound . 
RT2.66min MHM94 

Example 31 2-f 5-Chlorothien-2-vn-A/-lf3SV1 -ff 1 SV3-morpholin-4-vH -(mon3holin-4> 
15 vlcarbonvn-3-oxoDroDvn-2-oxopvnrolidin-3-vl)ethanesulfonamide 

To example 46 (100mg) in DMF (2ml) was added TBTU (114mg), and the mixture 
was stirred at room temperature. Diisopropylethylamine (63ul) was added followed 
by morpholine (31 ul) in DMF (1ml). After stirring for 2 hours the mixture was 
20 quenched with saturated ammonium chloride and then partitioned between ethyl 
acetate and water. The organic phase was washed with 2N sodium carbonate 
solution and dried over sodium sulphate. Solvent was evaporated to give the title 
compound . 

RT 2.64min, MH+ 563 

25 

The following example was prepared In a similar manner 

Example 32 (3SV3-rf3S)-3-fff2>f5-Chlorothien-2~vnethane1sulfonvllaminoV2- 
oxopvrrolidin-1-vn-A/.A/-<iimethvl-4-morpholin-4-vl-4"OXobutanamide 
30 From example 46 + dimethyiamine. 
RT 2.61min. MH*520 
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Example 19 2-(5-Chlorothien-2-vl VA/>methvl-A/>-f (3SV1 -fd SV1 -methvl-2-morpholin-4> 
5 vl-2-oxoethvn-2-oxoDvrrolidin-3-vl>ethanesulfonamide 

To a solution of Example 1 (100mg) in DMF (5ml) at room temperature was added 
potassium carbonate (64mg) followed by methyl iodide (97mg). The mixture was 
stirred for 18 hours. The mixture was quenched by the addition of 2M methanolic 
10 NaOH (5ml) and DCM (5ml). The mixture was collected through a hydrophobic frit, 
and concentrated in vacuo to yield the title compound . 
RT 3.02min, MH* 464 

Prepared in a similar manner were 

15 

Example 20 A/^-ff2-(5-ChlorQthien-2-vnethvnsulfonvl>-A/^-f (3SV1 -Ff 1 SV1 -methvl-2- 
moroholln-4-vl"2-oxoethvn-2-oxopvrrolidiri-3"Vllalvcinamide 

Example 1+ 2-bromoacetamide. 
20 RT 2.62min, MH* 507 

Example 34 Ethvl A/4r2-f5-chlorothien-2-vl)ethvnsulfonvlVAy-f(3SV1-rn SVI-methvl- 
2-morpholin-4-vl-2-oxoethvn'-2-oxopvrrolidin-3-vllalvcinate 

25 Example 1 + ethyl 2-bromoacetate. 
RT 3.19min, MH*536 

Example 35 Methyl A/4r2-f 5-chlorothien-2-vl)ethvnsulfonvlV-AA-l(3SV1 -Ff 1 SV1 -methvl- 
2-morpholin-4-vl-2-oxoethvn-2-oxopvrrolidin-3'Vftalvcinate 

30 

From Example 1 + methyl bromoacetate. 
RT3.08min, MH*522 



Example 38 2-(5-Chlorothien-2-vn-N-methvl-A/ -If 3S VI -Ff 1 S,2SV2-methvU1 - 
35 fmorpholin-4-vlcarbonvnbutvlV2-oxopvrrolidin-3-vl)ethanesulfonamide 
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From Example 10 methyl iodide. 
RT 3.27mln, MH* 506 

Example 39 A/^-lf2-(5-Ciilorothien-2-vnethvnsulfonvl)-A^-metlivl-A/^-lf3S)-1- 
rMS.2S)-2-methvl-1-r morohotin-4-vlcarbonvhbutvn-2-oxopviTolidin-3-vlkilvcinamide 

From Example 10 plus N-methy! 2-bromoacetamide. 
RT 3.07mir», MH* 563 

Example 40 A/^-ff2-r5-Chlorothien-2-vnethvnsulfonvl)-A^.A^-dimethvl-A/^-lf3SV1- 
f n S.2S)-2-methvl-1 -( morpholin-4-vlcarbonvhbutvn-2-oxoDvrrolidin-3-vl>alvanamide 

From Example 10 + N,N-dimemyl 2-chloroacetamide. 
RT3.07min M*577 

Example 36 A/-ir2-(5-Chlorothien-2-vnethvnsulfonvlV-yV-l(3S)-1-rf1SV1-methvl-2- 
morpholin-4-vl-2-oxoethvl1-2-oxopvrrolidiri-3-vlkilvdne 

Example 35 (60mg) was stirred in 1:1 THF:methanol (2ml). 2N NaOH (0.5ml) was 
added and the reaction stin-ed for 1 hour. The reaction was then acidified to pH 3 wth 
2N HCI, and extracted with DCM. Concentration of the organic layer gave the title 
compound as a mixture of isomers. 
RT 2.88 and 2.94min, both MH* 508. 

Example 47 2-(5-Chloro- 2-pvridinvlVA/-lf3SV1-rf1S)-1-methvl-2-f4-moroholinviV.2- 
oxoethvn-2-oxo-3-pvn^olidinvftethanesulfonamide 

Intennediate 5a) (100mg) was stin-ed in Acetonitrile (10ml) with pyridine (0.5mi) at 
0°C. A solution of Intennediate 48 in Acetonitrile (5ml) was added, and the mixture 
was stln-ed, warming to room temperature, overnight The mixture was then 
concentrated under reduced pressure, and the residue partitioned between water 
and DCM. The organic phase washed with water, dried over magnesium sulphate 
and solvent evaporated under reduced pressure. Purification via silica gel 
chromatography (ethyl acetaterMeOH 97.5:2.5-90:10) gave the title compound . 
RT 2.35min, MH* 445 

The following were prepared in a similar manner 

Example 48 2-(5-Chloro-2-PVridinvn-A/-rf3S)-1-rn S.2S>-2-methvl-1 -/4- 

moroholinv!carbonvnb utvn-2-oxo-3-pvrrolidinvl>ethanesulfonamide 



From Intermediate 5c) and Intermediate 48. 
RT2.84min, MH*487 
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Example 49 2-(5-Chloro-2-DvridinvlVA/-|(3SV1 -Ff 1 S)-1 -rfethvloxv)methvn-2-(4- 
moroholinvlV-2- oxoethvn-2-oxo-3-Dvrrolidinvltethanesulfonamide 

From Intemiediate 5r) and Intemiediate 48 
5 RT 2.65min, MH* 489 

Example 50 2-(5-chloro-2-pvridinvlVN-l(3S)-1-rf1SV1-rfmethvloxv)methvn-2-(4- 
morDholinvlV2-oxoethvn-2-oxo-3-DviTolidinvl)ethanesulfonamide 

10 From Intermediate 5e) and intermediate 48 
RT 2.35min, MH* 475 

Example 51 2-f4-ChlorophenvlVA/-fr3SV1 -m S.2SV2-methvl-1 -f4- 

morphQlinvlcar bonvnbutvn-2-oxo-3-Pvn-oiidinvlV>2-oxoethanesulfonamide 

15 

To a solution of Intermediate 51 (395mg) In THF (4ml) was added 2N HCI (3.6ml). 
The reaction was stirred for 10 hours at 40°C, then for 72 hours at room temperature. 
The reaction mixture was then partitioned between DCI^d and water, and the organic 
layer was concentrated under vacuum to give the title compound . 
20 RT 2.99min, MH* 500 

Prepared in a similar manner was: 

Example 52 2-(4-Chlorop henvlVAWf3SV1-rnsV1-fmethvloxvV2-f4-morpholinvlV2- 
25 oxoethvn-2-oxo-3-pvrrolidinvB-2-oxoethanesulfonamide 

From Intermediate 52 
RT2.61min. MH*488 

30 Example 53 2-f4-ChloroDhenvh-2-hvdroxv-ys^lf3S)-1-rMS.2SV-2-methvl-1-f4- 
morDholinvlcarbonvl^butvn-2-oxo-3-pvnrolldinvr>ethanesulfonamide 

To a solution of Example 51 (150mg) in dry ethanol (0.2ml) at 0°C was added 
sodium borohydride (18mg), keeping the reaction temperature below 10°C. The 
35 reaction was then stinred for 2 hours at 0°C. The reaction was quenched via addition 
of water, then partitioned with chloroform. After evaporation of the organic layer 
under vacuum, the residue was purified via silica chromatography (50:50 
cyclohexane: ethyl acetate) to give the title compound as a mixture of isomers. 
RT2.92, 2.97 MH* 502 

40 

Example 54 2-(5-Chloro-2-thienvl VA^f 3SV1 S)-1 -methvl-2-r4-morpholinvlV-2- 
oxoethvn-2-oxo- 3-pvnrolidinvft-1-Dropanesulfonamide 
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Prepared according to the procedure for Example 15 from Intermediate 5a) and 
Intermediate 54. 
RT2.81 MH*464 

Chiral HPLC separation (Chiralpak AD, 9:1 EtOHiCycloheptane, Iml/min, @215nm) 
5 of Example 54 yielded the two Isomers. 

Example 55 r2RV2-(5-Chloro-2--thienvlVN-l(3SV1-r(1S)-1-methvl-2-(4-mon3holinvlV2> 
oxoethvn-2-oxo-3-pvn-olidinvlV1-DroDanesulfonamide and Example 56 (2SV2-f5- 
Chloro-2-thienvlVA/4f3SV1-rMSV1-methvl-2-f4-morDholinvlV2K)xoethvn-2K>xo-^^ 
10 pvnrolidinvlVI -propanesulfonamide. 

Retention times Example 55: 20.2 minutes. Example 56: 9.4 minutes 

Example 57 2-f5-Chloro-2-thlenvn-N-f(3SV1-rf1S,2SV2-methvl-1-f4- 

15 morphollnvlcarbonvnbutvn-2oxo-3-pvnroHdinvll-1-propanesulfonamide 

Prepared according to the procedure for Example 15 from Intermediate 5c) and 
Intermediate 54. 
RT3.19MH* 506 

20 

Example 58 2-(5-Chloro-2-thienvl)-/V-l(3S)-1-rriSV1-r(methvloxv)methvn>2-f4- 
morpholinvlV2-oxoethvn-2-oxo-3-pvrroiidinvlV1-propanesulfonamide 

Prepared according to the procedure for Example 15 from Intemiediate 5e) and 
25 Intermediate 54. 
RT 2.83 MH* 494 

Example 59 2-f5>Chloro-24hienvl VA/-(r3SV1 -ff 1 SV1 -rfethvloxv)methvn-2-(4- 
morpholinvlV2-oxoethvn-2-oxo-^-pvrrolidinvlV1-propanesulfonamide 

30 

Prepared according to the procedure for Example 15 from Intenmediate 5r) and 
Intermediate 54. 
RT 2.95 MH* 508 

35 Example 60 2-f5-Chloro-2-thienvlVA/-f(3SV14nSV1-rf3-methvl-1,2.4-oxadiazol-5- 
vl)methvn-2-f4-morpholinvl)-2-oxoethvn-2-oxo-3-pvrrolidinvlV1-proDanesulfonamide 
Prepared according to the procedure for Example 15 from Intermediate 78 and 
Intermediate 54. 
RT2.92 MH* 546 

40 

Example 61 1 5-Chloro-2.3Klihvdro-1 Hnnden-I -vn-A/4f 3SV1 4(1 SV1 -methvl-2-f4- 
morpholinvlV2-oxoethvlV2-oxo-3-pvrrolidinvl>methanesulfonamide 
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Intermediate 5a) (66mg) DIPEA (70ul) and DMAP (5mg) were stirred in Acetonitrile 
at O^C. Intermediate 58 (86mg) was added, and the mixture was allowed to warm to 
room temperature and stinred for a further 3 hours. Solvent was then removed under 
vacuum, and the crude product purified via silica chromatography. 
5 RT 2.90 MH* 470 

Prepared in a similar manner was: 

Example 62 1-f5-Chloro-2.3-dihvdro-1H-inden-1-vn-AHf3SV1-rMSV1- 

10 r(methvloxv)methvn-2-r4-moroholinv»-2-oxoethvn-2-oxo-3- 
pvrrolidinvftmethanesulfonamide 

From Intemriediate 58 and intemnediate 5e). 
RT 2.90 MH* 500 

15 

Example 63 1 -(5-Ch!oro-2.3-dihvdro-1 H-inden-1-vl)-A/-lf3S)-1 -Ul S.2SV2-methvl-1- 
(4-morpholinvl carbonvnbutvn-2-oxo-3-Dvrrolidinvl>methanesulfonamide 

From Intennediate 58 and intermediate 5c). 
20 RT 3.35 MH* 512 

Example 64 1 -( 6-Chloro-2.3-dihvdro-1 -benzofuran-3-vl)-A/-f (3SV1 -Ff 1 S)-1 -methvl-2- 
f4-morpholinvh-2-oxoethvn-2-oxo-3-pvrrolidinvl>methanesulfonamide 

25 Prepared according to the procedure for Example 15, from intenmediate 5a) and 
Intermediate 61 . 

RT 2.80, 2.84 (diastereomers) IVIH* 472 

Example 65 1-ffl-Chtoro-2.3-dihvdro-1 -benzofuran-3-vl VA/-f r3S)-1 -m SV1 - 

30 r(methvloxv)methvn-2-f4-moroholinvlV2-oxoethvn-2-oxo-3- 
pvrrolidinvilmethanesulfonamide 

Prepared according to the procedure for Example 15, from intermediate 5e) and 
Intermediate 61. 
35 RT 2.82, 2.86 (diastereomers) MH* 502 

Example 66 1 -f 5-Chloro-1 .3-dihvdro-2-ben2ofuran-1 -\f\)-N-i(3S)-'l -\h SV1 -methvl-2- 
(4-moroholinvn -2-oxoethvn-2-oxo-3-p\Trolidinvl>methanesulfonamide 

40 Prepared according to the procedure for Example 15 from Intemnediate 5a) and 
intermediate 66. 
RT 2.62min. MH* 472 
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Example 67 2-f5-Chloro-2-thienvl)-A/-|(3SV1-r2-r4-moroholinvlV2-oxo-1-rtetrahvdro- 
2H-pvran-4-vnethvn-2-oxo-3-pvrrolidinvl)ethanesulfonamide 

Prepared according to the procedure for Example 17 from Intermediate 5I<) and 
5 intermediate 15. 

RT 2.84min, MH* 520 

Example 68 1-ff 1 RV5-Cliloro-2.3-dihvdro-1 H-inden-1 -^/n-N-i(3S)-^ -1(1 S)-1 - 

r(methvloxv)methvn-2-f4-moroholinvn-2-oxoetlivn-2-oxo-3- 
10 pvnPoiidinvDmethanesuifonamide 

Isolated via Chiral HPLC resolution of Example 62 (Chiralpak AD 25cm column, 
eluting with heptane:isopropanol 7:3, flow-rate Iml/min). 
RT 16.6min 

15 

Prepared in a similar manner to Example 67 were: 

Example 69 2-(5-Chioro-2-thienvn-A/-lf 3SV1 -if 1 SV2-(4-moroholinvh-2-oxo-1 - 
phenvlethvn-2-oxo-3-Pvn-olldinvftethanesutfonamide 

20 

From Intermediate 51) and Intermediate 15. 
RT 3.07min, MH* 512 

Example 70 2-(5-Chloro-2-thlenvlVA/-ff3SV1 -fM S^-1 -f(4-fluorophenvl)methvn-2-r4- 
25 morohollnvl V2-oxoethvn-2-oxo-3-pvnnolidinvltethanesulfonamide 

From Intennediate 5m) and intemiediate 15. 
RT3.17min, MH*544 

30 Example 71 2-f5-Chloro-2-thienvlVyV-ff3SV1-rf1 SV-2-f4-morohollnvn-2-oxo-1-f1 .3- 
thia2ol-4-vlmeth v»ethvn-2-oxo-3-pvnrolidinvltethanesulfonamide 

From Intennediate 5n) and intermediate 15, followed by further purification on an 
sex column (methanollc ammonia as eluant) 
35 RT 2.88min, MH* 533 

Example 72 2-f4-Chlorophenvn-A/-lf3S)-1-r(1S)-2-f4-morpholinviV-2-oxo-1-M.3- 
thiazol-4-vlmet hvl)ethvn-2-oxo-3-pvrrolidinvi>ethanesulfonamide 

40 From Intermediate 5n) and intemnediatelS followed by further purification on an SCX 
column (methanolic ammonia as eluant) 
RT 2.90min, MH* 527 
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Example 73 2-(5-Chloro-2-thienvl VA/-f f 3SV1 4(1 ffl-2-f4-morDholinvlV2-oxQ-1 -f2- 
thienvnethvn-2-oxo-3»Dvrrolidmvllethanesulfonam!de 

From Intemiediate 6p) and intemiediate 15. 
5 RT3.03min, MH*518 

Example 74 244-ChlorophenvlVN4f3SV14nffl-2-(4-moroholinvn>2-ox(>1-f2- 
thienvnethvl1-2-oxo3-pvrTolidinvl>ethanesulfonamide 

10 From Intermediate 5p) and intenmedlate 18. 
RT3.06min, MH* 512 

Example 75 2-(5-Chioro-24hienvl VA/4(3S)-1 -Fd f?V1 -rtethvithio)methvlV2-f4- 
morpholinvh-2-oxoethvn-2-oxo-3-DvrrolidinvlTethanesuifonamide 

15 

Intermediate 13j) (42mg) was taken up in Acetonitrile (1ml) and N-methyl morpholine 
(108mg) was added, followed by Intermediate 68. The mixture was then heated to 
reflux for 5 hours. DMAP (27mg) was then added and the mixture was heated to 
reflux for 24 hours. After cooling to room temperature, solvent was evaporated In 
20 vacuo, and the crude product purified via SPE chromatography (cyclohexane: ethyl 
acetate 3:2 to 1 :4) to give the title compound . 
RT3.07min, MH*510 

Example 76 245-Chloro-2-thienvl VA/-I(3S)-1 4(1 SV1 -(cvanomethvlV244- 

25 moroholinvlV2-oxoethvn-2-oxo-3-Dvrrolidinvl>ethanesulfonamide 

Intemiediate 72 (80mg) was taken up in dry acetonitrile (2ml) and DIPEA (0.173ml) 
was added. DMAP (12mg) was added, and the mixture was cooled to O'^C. 
Intemiediate 15 (74mg) was added as a 1ml acetonitrile solution, and stirring was 
continued for 30 minutes, followed by warming to room temperature and further 
30 stining for 2 hours. Solvent was evaporated under reduced pressure, and the residue 
was taken up in THF (3ml) containing DIPEA (0.173ml) and cooled to O^^C 
Trifluoroacetic anhydride (0.07ml) was added, and the mixture was stirred for 90 
minutes, warming to room temperature. Solvent was again evaporated under 
reduced pressure, and the residue was partitioned between ethyl acetate and sat. 
35 aq. NaHCOa. The oi^anic layer was separated and dried over Na2S04, and 
evaporated under reduced pressure. Purification via SPE chromatography 
(cyclohexane: ethyl acetate 1:2) gave the partially purified product which was 
recystallised (ethyl acetate / cyclohexane) to give the title compound . 
RT 2.78min, MH* 475 

40 

Example 77 2-f 5-Chloro>24hienvl VA/4(3SV1 4(1 SV2-f4-moroholinvn-1 41 .2.4- 
oxadia2ol-5-vlm ethvlV2-oxoethvn-2-oxo-3-Pvnrolidlnvftethanesulfonamide 
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Intermediate 74 (110mg) was dissolved in dioxan (1ml) and the resulting solution 
was added to a mixture of hydroxylamlne hydrochloride (17mg) and 5N NaOH 
(0.05ml) in 70% acetic acid (1ml). The mixture was then heated to 70°C for 3 hours, 
cooled to room temperature, and partitioned between DCM (15ml) and water (5ml). 
5 The organic phase was washed sequentially with sat. aq.NaHCOa, and brine, and 
solvent evaporated under vacuum. Purification via Mass Directed Autoprep gave the 
title compound . 
RT2.89mln. MH*518 

1 0 Prepared in a similar manner were: 

Example 78 2-(5-Chloro>2-thienvl VA/-^^3S)-1 4(1 S)-1 -Ff 3-methvl-1 .2.4-oxadiazol-5- 
vnmethvn.-2-f4- morpholinvn-2-<)XoethvlV2-oxo-3~pvrrolidinvl>ethanesulfonamide a nd 
Example 79 2-f5-Chloro-2-thlenvl VA/-methvl-A/-lf 3SV1 -ff 1 SV1 4(3-methvl-1 .2.4- 
15 oxadiazol-5-vl)methvn-2-f4-morphollnvlV2-oxoethvn-2-oxo-3- 
pvnrolidinvllethanesulfonamide 

From Intermediate 75, with purification via Mass Directed preparative HPLC. 
Example 78 
20 RT 2.85min, MH* 532 
Example 79 
RT 2.99min, MH* 546 

Example 80 2-f5-Chloro-24hlenvlV/V-ff3SV14MS)-1-rf1-methvl-1H-1.2,4-triazol-3- 
25 vnmethvn-2 -(4-morpholinvn-2<>xoethvn-2-oxo-3-pvnrolidlnvltethanesulfonamid6 and 
Example 81 2-r5-Chloro-2-thienvl VA/-((3SV1 -Ff 1 SV1 4f 1 -methvM H--1 .2,4-triazol-5- 
vl)methvn-2-f4-m orpholinvlV2-oxoethvn-2>-oxo-3-Pvrrolidinvl)ethanesulfonamide 

To Intenmediate 74 (144mg) in glacial acetic add (3ml) was added methyl hydrazine 
30 (16ul). The mixture was then heated to 70 °C for 2 hours, then for 3 hours at 80°C. 

The mixture was then cooled to room temperature and partitioned between DCM and 

2N Na2C03 solution. The organic layer was evaporated under vacuum to give the 

crude product Purification via preparative HPLC (autoprep) gave the two title 

compounds , 
35 Example 80 

RT 2.56min. MH* 531 

Example 81 

RT2.60min, MH* 531 

40 Example 82 2-f4-ChlorophenvlVA/-fr3SV1-rn SV1-rf3-methvl-1 ■2.4-oxadiazok5- 
vnmethvn-2>r4-m orpholinvlV2-oxoethvlT-2-oxo-3-Pvrrolidinvftethanesulfonamide 
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Prepared according to the procedure for Example 15 from Intermediate 78 and 
intermediate 18. 
RT2.85min, MH*526 

5 Example 83 f3S)-3-rf3SV3-fff2-(5-Chloro-2-thienvl)etlivnsulfonvllamino)-2-oxo-1- 
pvn'olidinvn-A/-methvl-4-f4-moroholinvn-4-oxo-A/-fDhenvlmethvl)butanamide 

Example 46 (R8446/143/2) (80mg) and TBTU (91 mg) were stirred togetlier in dry 
DMF (2ml) at room temperature. DIPEA (50ul) was added followed by N- 

10 benzylmethyiamlne (34mg). The mixture was stlnred for 3 hours, then quenched with 
sat. aqueous ammonium chloride. Water and ethyl acetate were added, the mixture 
partitioned, and the organic phase washed sequentially with 2N Na2C03 solution. IN 
HCI solution, and brine, then dried (Na2S04) and solvent evaporated under vacuum. 
Purification via Biotage™ chromatography (DCi\/l:methanol 50:1) gave the fitte 

15 compound . 

RT 3.06min, MH* 597 

Example 84 2-(5-Chloro-2-thienvl VA/-/(3SV1 -ffl SV1 -irn -methvlethvl)oxv1methviV2- 
(4-moroholinvlV2-oxoethvn-2-oxo-3H3vnrolidinvftethanesu!fonamide 

20 

Prepared in a similar fashion to Example 15. fi-om Intermediate 5q) and intermediate 
15. 

RT 2.97min, l\/IH* 504 

25 Example 85 2-f5-Chloro-2-thienvn-A/-l(3S)-1-rMSV1-rtethvloxv^methvn-2-f4- 
moroholinvlV-2-oxoethvn-2-oxo-3-Pvrrolidinvftethanesulfonamide 

Prepared in a similar fashion to Example 15, from Intemriediate 5r) and Intermediate 
15. 

30 RT 2.85min, MH* 494 

Example 86 2-f4-ChlorophenvlVA/4f3SV1 -ff 1 SV1 -rfethvloxv)methvn-2-f4- 
morpholinvl)-2-oxoethvn-2-oxo-3-pvrrolidinvl>ethanesulfonamide 

35 Prepared in a similar fashion to Example 16, from Intermediate 5r) and intemriediate 
18. 

RT 2.87min, MH* 488 

Example 87 M a-2-f 5-Chloro-2-thienvn-A/-l(3S)-1 -ff 1 SVI -rfethvloxv)methvn-2-f4- 
40 moroholinvl)-2-oxoethvn-2-oxo-3-Pvnrolidinvl)-1 -propene-1 -sulfonamide 
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Prepared in a similar fashion to Example 16, from Intenmediate 5r) and Intermediate 
23. 

RT2.91mln, MH*506 

5 Example 88 2-(5-Cliloro-2-thienvn-A/-r(3SV1 -m SV3-f methvloxvVI -f4- 

moroholinvlcarbonvl)DroDvn-2-oxo-3-Dvrrolidinvllethanesulfonamide 

Prepared In a similar fashion to Example 15. finom Intennediate 5s) and Intemnedlate 
15. 

10 RT 2.78mln, MH* 494 

Example 89 2-(4-ChloroDhenvl)-A/-lf3S)-1-r(1SV1-r(methvloxv)methvn-2-(4- 
morohollnvlV-2-oxoethvn-2-oxo-3-pvrrolidinvl>ethanesulfonamide 

15 Prepared according to the procedure for Example 15, from intenmediate 5e) and 
Intermediate 18. 
RT 2.76min. MH* 474 

Example 90 2-(5-Chloro-2-thlenvlV-/y/-lf3S)-1-rnsV2-f4-morohoiinviV2-oxo-1-f4- 
20 pvridinvimethvltethvn-2-oxo-3-DvrrolldlnvRethanesulfonamlde 

Prepared according to the procedure for Example 15, from Intermediate 5t) and 
Intennediate 15. 
RT2.34min, i\/IH*527 

25 

Example 91 2-(5-Chloro-2-thienvn-/V-f(3SV1-rnsV2-(4-morohoiinviV2-oxo-1-f3- 
Dvridinvlmethvhethvn-2-oxo-3-Dvnrolidinvilethanesulfonamide 

Prepared according to the procedure for Example 15, from Intemiedlate 5u) and 
30 Intermediate 15. 

RT2.46min. iy/IH*527 

Example 92 2-(5-Chloro-2-thienvn-A/-l(3S)-1 -f2-f4-morDhoiinvl)-2-oxo-1 -(3- 
pvridinvi)ethvll-2-oxo-3-pvrrolidinvl)ethanesulfonamide 

35 

intermediate 9v) (86mg) was taken up in dry DCiVl (5ml) and treated with 4M HCL in 
dioxan (0.35ml). The mixture was stirred for 24 hours, then evaporated under 
reduced pressure. The crude product was taken up in dry acetonitriie (3ml), treated 
with DIPEA (0.147ml) and the mixture cooled to 0 °C. DIVIAP (3mg) was added 
40 followed by intennediate 15 (74mg). After stining for 30 minutes, the mixture was 
allowed to wamn to room temperature. The reaction mixture was purified directly via 
SPE chromatography (40:1 ethyl acetate:MeOH) to give the title compound as an 
approximate 1:1 mixture of pyridylglyclne isomers. 
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RT2.67min. MH*513 

Example 93 2-f5-Chloro-2-thienvl>-yV-ff3S^1-rM SV3-(dimethvlamino)-1 -f4- 

morDhoHnvlcarb onvt)propvn-2-oxo-3-Dvrrolidinvltethanesulfonamide 

5 

Intermediate 5w) (56mg) was taken up in dry acetonitrile (2ml) and DIPEA (104ul) 
added. 4-Dlmethylamlnopyridine (6mg) was then added and the mixture was cooled 
to eye. Intennediate 15 (33mg) was added In dry acetonitrile (0.6ml). Stining was 
continued for 2 hours, warming to room temperature. The cnjde product was purified 
10 firstly via SCX column (eluting with 2M methanolic ammonia) and then via Mass 
directed preparative HPLC to yield the title compound . 
RT2.19min, MH* 507 

In a similar fashion were prepared: 

16 

Example 94 2-f5-Chloro-2-thienviVA/-lf3SV1-rMS)-1-f4-mon3holinvlcariaonvn-3-f1- 
piDeridinvl)oropvn-2-oxo-3-pvn-olidinvl>ethan6sulfonamide 

From Intennediate 5x) and Intennediate 15. 
20 RT 2.28mln, MH* 547 

Example 95 2-f 5-Chloro-2-thienvl VA/-f (3S)-1 -Fd SV3-f4-moroholinvl)-1 -(4- 
morpholinvlcarb onvnDropvn-2-oxo-3-pvrrolidinvftethanesuifonamid6 

25 From Intermediate 5y) and Intennediate 15 
RT2.21mln, MH*549 

Example 96 ( 1 a-2-f5-Chloro-2-thienvl)-A/-f f3SV1 -Ffl S>-3-f4-morDholinvlV1 -f4- 
morpholinvlcarbonvl)proDvn-2-oxo-3-pvn-olidinvll-1-propene-1-sulfonamide 

30 

From Intennediate 5y) and Intennediate 23 
RT 2.26min, MH* 660 

Example 97 A/^-fr2-f5-Chloro-2-thienvnethvnsulfonvl)-A/^.A^-dimethvi-A/^-ff3S)-1- 
35 rf1S)-1-rfmethvloxv)methvn-2-f4-moroholinvlV-2-oxoethvn-2-oxo-3- 
Dvrrolidinvltalvcinamide 

Prepared according to the procedure for Example 19 from Example 15 and 2-chloro- 
N.N-dimethylacetamide. Purification via SPE chromatography gave the titte 
40 compound . 

RT 2.75min, MH* 565 
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Example 98 A/^4r2-(5-Chloro-24hienvnethvnsulfonvlV/V^-methvl-A/^4^^ 
r(methvloxv)methvn-2-f4-moroholinvlV2-oxoethvn-2-oxo-3-pwrolidinv^ 

Prepared according to the procedure for Example 19 from Example 15 and 2-chloro- 
5 N-methylacetamide. Purification via SPE chromatography gave the title compound . 
RT2.68mln, MH* 551 

Example 99 2-f4-Chlorophenvl VA/4f 3S)-1 -m SV3>f methvlsulfonvi VI -(4^ 

morohollnvlcarbonvnDroDvl%2-oxO"3-Pvnrolldinvltethanesulfonamide 

10 

Prepared from Intennediate 91 and Intenmediate 18 according to the procedure for 
Example 15. 
RT2.68min, MH*536 

15 Bioloolcal assays 

I. Thrombin inhibitory activity 
In vitro assay for inhibition of Thrombin 

(A) Chromogenic assay 

Example 2 was tested for Thrombin Inhibitory activity as detemilned in vitro by its 
20 ability to inhibit human Thrombin in a chromogenic assay, using N-p-Tosyl-Gly-Pro- 
Lys-p-nitroanilide as the chromogenic substrate. The compound was diluted from a 
lOmM stock solution In dimethylsulfoxide at appropriate concentrations. Assay was 
peri'ormed at room temperature using buffer consisting of: 50mM HEPES, 150mM 
NaCI, 5mM CaCIa, 0.1% PEG. pH 7.4. containing human Thrombin (final cone, of 1 
25 nM). Compound and enzyme were prelncubated for 15min prior to addition of the 
substrate (final cone, of 100 pM). The reaction was stopped after 30mln with the 
addition of soybean trypsin inhibitor or H-D-PHE-PRO-ARG-Chloromethylketone. 
BioTek EL340 or Tecan SpectraFluor Pius plate readers were used to monitor the 
absorbance at 405nM. To obtain IC50 values the data were analysed using 
30 ActivityBase® and XLfit®. 

(B) Fluorogenic assay 

Compounds of the present invention (Examples 1, 3-46) were tested for their 
Thrombin inhibitory activity as determined in vitro by their ability to inhibit human 

35 Thrombin In a fluorogenic assay, using Rhodamine 110, bis-(CBZ-L-valyl-L-prolyl-L- 
arginine amide) as the fluorogenic substrate. Compounds were diluted from a lOmM 
stock solution in dimethylsulfoxide at appropriate concentrations. Assay was 
performed at room temperature using buffer consisting of: 50mM HEPES, 150mM 
NaCI, 5mM CaCIa, 0.1% PEG, pH 7.4. containing human Thrombin (final cone. Of 

40 0.2 nM). Compound and enzyme were prelncubated for 15min prior to addition of the 
substrate (final cone, of 10 pM). The reaction was stopped after 3 hrs with the 
addition of H-D-PHE-PRO-ARG-Chloromethylketone. An UL- Analyst fiuorimeter 
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was used to monitor fluorescence at 485 nM excitation/535 niVI emission . To obtain 
ICso values the data were analysed using ActlvityBase® and XLfIt®. 

All of the Examples 1-54, 57-59 showed thrombin inhibitory activity. Examples 1, 2, 
5 3, 4, 5. 6, 7, 8, 9. 10, 11, 12, 13, 14, 15, 16. 17. 18. 19, 20,21, 22, 23, 24. 25. 26. 27. 

28. 29. 30, 31, 32, 33, 34, 35. 36, 37, 38, 39, 40. 41. 42. 45. 46. 47. 48, 49. 50, 51. 
52, 53, 54, 57. 58. 59. 60. 61. 62. 63. 64, 65, 66, 67, 68, 69. 70, 71, 72, 73. 74. 75. 
76, 77. 78. 79. 80. 81. 82. 83. 84. 85, 86. 87. 88. 89. 90. 91. 92. 93. 94. 95. 96. 97. 
98, 99 all have thrombin inhibitory Ki (nM) values of less than 200. Examples 1, 2, 3, 

10 4, 5. 6, 7, 8. 9. 10, 11, 12. 13, 14. 15. 16, 17, 18, 19, 20,21, 22, 23, 24, 26, 27, 28, 

29, 32. 33, 34, 35, 36. 37. 38. 39. 40. 41. 45. 47. 48. 49. 51, 52, 53, 54, 57, 58, 59, 
60. 61. 63. 64, 65. 66. 68. 69, 70, 71, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83. 84, 
85, 86, 87. 88, 89, 90. 91. 92. 93. 94. 95. 96. 97. 98 all have thrombin inhibitory Ki 
(nM) values of less than 100. Examples 1, 2, 3, 4, 5. 7. 8, 9, 10, 11, 12, 13, 14. 15, 

15 16, 17. 18, 19, 20,21, 22. 23. 24. 27. 28. 29. 32, 33. 34, 35. 38, 39, 40, 45, 48, 49, 
51, 52, 57. 59, 60, 63, 66, 68, 70, 71. 73. 75. 77. 78. 79. 80. 83. 84. 85, 86, 87, 88, 
89, 90. 91, 92, 96, 97, 98 all have thrombin inhibitory KI (nM) values of less than 50. 
Examples 2. 3. 5. 7. 8. 9. 10. 11. 12. 13. 14. 16. 17. 18. 20,21. 22, 23, 24, 27, 28, 29. 
33. 34, 35, 38, 39, 40. 48, 49. 57, 59,77. 78, 84, 85, 86, 87. 88. 91, 98 all have 

20 thrombin inhibitory Ki (nM) of less than 25. Examples 2, 7, 8, 9, 10, 11, 14. 16. 17, 
18. 21. 22. 23. 38. 40. 77, 84, 85, 87, 91. 98 all have thrombin inhibitory Ki (nM) 
values of less than 10. 

II. Factor Xa Inhibitorv activitv 

25 (A) Chromogenic assay 

Example 2 was tested for its Factor Xa inhibitory activity as determined in vitro by its 
ability to inhibit human Factor Xa in a chromogenic assay, using N-a- 
benzyloxycarbonyl-D-Arg-Gly-Arg-p-nltroanilide as the chromogenic substrate. 
Compounds were diluted from a lOmM stock solution in dimethylsulfoxide at 

30 appropriate concentrations. Assay was performed at room temperature using buffer 
consisting of: 50mM Tris-HCI. 150mM NaCI. 5mM CaClz, pH 7.4. containing human 
Factor Xa (final cone. Of 0.0015 U.mi-1). Compound and enzyme were preincubated 
for 15min prior to addition of the substrate (final cone, of 200mM). The reaction was 
stopped after 30min with the addition of soybean trypsin inhibitor or H-D-PHE-PRO- 

35 ARG-Chloromethylketone. BioTek EL340 or Tecan SpectraFluor Plus plate readers 
were used to monitor the absorbance at 405nM. To obtain ICso values the data were 
analysed using ActlvityBase® and XLfIt®. 

(B) Fluorogenic assay 

40 Compounds of the present invention (Examples 1, 3-46) were tested for their Factor 
Xa inhibitory activity as detemnined in vitro by their ability to inhibit human Factor Xa 
in a fluorogenic assay, using Rhodamine 110, bis-(CBZ-glycylglycyl-L-arginine amide 
as the fluorogenic substrate. Compounds were diluted from a lOmM stock solution in 
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dimethylsulfoxide at appropriate concentrations. Assay was perfomned at room 
temperature using buffer consisting of: 50mM Tris-HCI, 150mM NaCI, 5mM CaCb, 
pH 7.4. containing human Factor Xa (final cone, of 0.0003U.mH). Compound and 
enzyme were preincubated for 15min prior to addition of the substrate (final cone, of 
5 10 pM). The reaction was stopped after 3 hrs with the addition of H-D-PHE-PRO- 
ARG-Chioromethylketone. An LJL-Analyst fluorimeter was used to monitor 
fluorescence with 485 nM excitation/535 nM emission. To obtain IC50 values the data 
were analysed using ActivityBase® and XLfit®. 

10 The ratio of inhibitory activity at thrombin compared to Factor Xa can be calculated 
as Factor Xa Ki (nM)/Thrombin Ki (nm)). Examples 2, 20. 34, 35, 36, 41, 42, 94, 96 
have a ratio of inihibitory activity 0-2. Examples 3, 19, 25. 28, 47, 54, 61 have a ratio 
of inhibitory activity of 2-5. Examples 7, 27, 95 have a ratio of inhibitory activity of 5- 
10. Examples 1. 4, 16, 33, 43, 44, 64. 66. 69, 92 have a ratio of inhibitory activity of 

15 10-25. Examples 5, 6. 8, 9, 10. 11, 12, 13, 14, 15, 17, 18, 21, 22, 23. 24. 26, 29. 30. 
31, 32, 37, 38, 39, 40, 45, 46, 48, 49, 50, 51, 52, 53, 57, 58, 59, 60. 62, 63, 65, 67, 
68, 70, 71. 72, 73, 74, 75, 76. 77. 78, 79. 80. 81. 82, 83, 84. 85. 86, 87. 88. 89, 90. 
91 , 93, 97, 98, 99 have a ratio of inhibitory activity of greater than 25. 

20 The ratio of inhibitory activity for prior art compounds (E)-2-(4-chlorophenyl)-N-{(3S)- 
1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyl]-2-oxopyrrolidin-3-yl}ethenesulfonamide 
and (E)-2-(5-chlorothien-2-yl)-N-{(3S)-1 -[(1 S)-1 -methyl-2-morpholin-4-yl-2-oxoethyl]- 
2-oxopyrrolidin-3-yl}ethenesulfonamide is less than 0.04. 

25 Method for measurement of activated partial prothrombin time faPTn 

Blood is collected into a sodium citrate solution (ratio 9:1) to give a final 
concentration of 0.38% citrate. Plasma is generated by centrifugation of citrated 
blood samples at 1200 x g for 20 min at 4**C and stored at -20^C until use. APTT 
analysis is conducted using plasma pooled from 4 separate donors (2 male and 2 

30 female). 

The aPTT test is perfonned using the BCS Coagulation Analyzer (Dade Behring). 
For assay, 50 ul of plasma containing test compound at concentrations ranging from 
0.03 to 100 uM (made from a 100 uM stock containing 10% DMSO in plasma) is 

35 combined with 50 ul of AcHn Activated Cephaloplastin Reagent (extracted from 
dehydrated rabbit brain; Dade Behring) and 50 ul of 0.025 M Calcium Chloride (Dade 
Behring). Upon addition of the reagents, absorbance at 405 nM is monitored and 
time to clot formation is determined (normal range for human plasma is 24-32 
seconds). Results are expressed as the concentration required to extend the time to 

40 clot fomiatlon by 50%. 

All Examples tested (Examples 1, 2. 3. 4, 5. 6, 7. 8, 10, 11. 12, 13, 14, 15, 16, 17, 
18. 19, 20. 21, 22, 23. 24. 25. 26. 27. 28, 29. 32, 33, 37. 38, 39. 40. 41. 45. 48, 49. 
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50, 51. 52. 53, 54, 57. 58. 59. 60, 61, 63, 67, 69. 70. 71, 73, 74. 75. 76. 77. 78. 79. 
80. 81. 82. 83. 84. 85. 86, 87, 88, 89. 90, 91, 92, 93, 94, 95, 96. 97. 98, 99) had 1.5x 
APTT values less than 30)iiM. Examples 1. 2, 3. 4, 5. 6, 7, 8. 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 24, 25. 26, 27, 28, 29, 33. 37. 38, 39, 40, 45, 48, 49, 50, 
5 51, 52, 53, 54, 57. 58, 59. 60. 67. 69. 70. 71. 73, 74, 75. 76, 77, 78, 79, 80, 81, 82. 
83. 84, 85, 86, 87, 88, 89, 90. 91, 92. 93, 94. 95. 96. 97, 98, 99 had 1.5x APTT 
values less than lO^iM. Examples 7, 11, 14, 15, 20, 22, 23. 28. 32. 38. 39, 40, 48, 
49, 60. 51. 58, 59, 71, 77, 78, 80, 84, 85, 86. 87. 88. 89. 90, 91, 93, 94, 96, 98 had 
1 .5x APTT values less than 2^M. 



